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ITEMS  AND  NOVELTIES. 

The  Hoosac  Tunnel. — We  have  just  received  the  yearly  report 
of  the  Managing  Committee,  Engineers,  and  others  concerned  in  this 
great  work,  and  find  in  it  many  matters  of  lively  interest.  In  a 
brief  notice  of  the  previous  year's  report,  which  we  made  in  this 
Journal^  Vol.  LIV.,  p.  9,  we  related  the  unfortunate  experience 
which  had  been  encountered  in  the  use  of  machine  drills,  and 
quoted  the  results  obtained,  which  spoke  strongly  in  favor  of  the 
hand  application  of  the  tool,  both  as  regards  speed  and  cost.  From 
this,  and  an  article  by  Prof.  De  Volson  Wood,  published  in  the 
same  volume,  p.  83,  may  be  gathered  the  conclusion  reached  by 
the  Resident  and  Consulting  Engineers,  from  a  long  and  thorough 
trial,  namely,  that  for  some  reason,  rock  drilling  by  machinery,  ap- 
plied with  such  wonderful  success  on  the  Alps,  in  the  Mt.  Cenis 
Tunnel,  was  with  similar  machinery  a  failure  on  the  Hoosac  Moun- 
tain and  Tunnel.     This  conclusion,  though  seemingly  dtmonstrated 
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by  facts,  appeared  so  extraordinary,  that  these  gentlemen,  even 
while  expressing  it,  could  not  rest  satisfied  with  such  a  result,  but 
advised  that  while  in  obedience  to  the  commands  of  experience, 
the  ruinous  experiment  with  machines  in  the  tunnel  must  be  dis- 
continued and  hand  labor  resumed ;  yet  that  outside  ^nd  on  an  eco- 
nomical scale,  efforts  should  be  maintained  to  improve  and  strengthen 
the  machinery,  so  as,  if  possible,  to  create  something  fitted  for  the 
work. 

Success  in  this  direction  was,  however,  nearer  than  they  had  im- 
agined, for,  as  appears  from  Prof,  Wood's  article  above  mentioned, 
the  adverse  report  could  hardly  have  been  fairly  in  circulation  be- 
fore improvements'were  effected  in  the  machines,  which  completely 
turned  the  tables  of  comparison  over  to  the  other  side.  This  timing 
of  the  improvement  was  most  unfortunate,  as  regards  the  reasoning 
and  advice  of  the  report,  which  were  perfectly  sound  on  the  basis 
of  the  facts  then  existing,  but  of  course  could  have  no  relation  to 
an  absolutely  inverted  order  of  things  and  conditions. 

Such  an  accident  or  malicious  perversity  of  events,  with  a  young 
engineer,  whose  reputation  was  in  the  future,  might  have  been 
serious  (thanks  to  the  general  tendency  to  consider  that  all  which 
goes  right  is  by  chance,  and  all  that  goes  awry  is  "  somebody's 
fault,")  but  with  Mr,  Latrobe,  it  is  simply  a  good  joke,  which  no 
doubt  his  friends  have  not  failed  to  enjoy.  With  the  improved 
machines,  however,  the  work  has  progressed  famously,  and  in  face 
of  a  progress  at  the  East  Heading  during  the  previous  year  of  about 
590  feet,  has  to  show  1277  feet  of  actual  advance,  notwithstanding 
a  heavy  drawback  from  unusual  deficiencies  in  the  supply  of  water 
power,  by  which  the  compressed  air  was  furnished  to  the  machines. 

In  connection  with  this  improvement  in  the  drilling  machines, 
we  will  quote  a  remark  of  much  importance,  when  its  relations  are 
understood,  which  occurs  in  Mr.  Latrobe's  report,  p,  31.  After 
describing  the  improvement  in  the  Burleigh  drill,  he  remarks: 

"  While  saying  this,  however,  I  do  not  feel  prepared  to  pronounce 
it  the  ne  plus  ultra  of  a  machine  drill,  nor  to  give  up  the  expecta- 
tion that  one  with  fewer  parts  and  of  more  compact  and  simpler 
structure  will,  in  due  time,  be  designed  and  made  to  yield  even  better 
results  at  reduced  cost.  There  is  now  lying  in  the  shop,  at  the  east 
end,  a  machine  invented  by  parties  from  Michigan,  differing  in  seve- 
ral respects  from  the  Burleigh  drill,  although  claimed,  as  I  am  told, 
to  conflict  with  patent  rights  in  the  latter.     Of  this  part  of  the  case 
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I  know  nothing  as  yet,  but  the  machine  has  been  reported  to  me  as 
working  with  great  efficiency  and  small  cost  of  repairs,  on  account 
of  its  fewer  parts  and  simpler  construction.  It  seems  to  have  been 
introduced  into  the  tunnel  by  the  late  contractors,  and  to  have  been 
disused  on  their  retirement  from  the  work;  but  from  what  reason, 
I  am  unable  to  state,  as  its  performance  is  said  to  have  been  exceed- 
ingly promising  of  improvements  over  previous  machines." 

From  this  remark,  it  will  be  seen  that  Mr.  Latrobe  belongs  to 
that  large,  but  we  are  happy  to  say  daily  decreasing  class  of  engi- 
neers, who  do  not  read  the  Journal  of  the  Franklin  Institute,  other- 
wise he  would  have  known  that  the  machine  in  question  was 
/invented  by  Professors  Wood  and  Robinson,  and  exhibited  many 
important  features  of  novelty  and  improvement. 

The  cause  of  its  disuse  we  believe  (though  this  is  unauthentic  and 
simply  on  the  ground  of  a  general  impression),  was  a  little  of  the 
"dog  in  manger"  policv.  on  the  part  of  those  controlling  the  other 
machine. 

It  appears  from  these  reports,  that  during  a  large  part  of  the  past 
year,  the  work  at  the  tunnel  was  imder  the  personal  supervision  of 
one  of  the  State  Commissioners,  Hon.  Alvah  Crocker,  who  pushed 
forward  the  work  with  great  energy  and  marked  success.  During 
three  mouths,  part  of  the  work  was  prosecuted  under  contract  by 
Messrs.  Dull,  Gowan,  and  AVhite,  who  were  the  contractors  for  the 
Chicago  Lake  Tunnel. 

There  appears  to  exist  a  difference  of  opinion  between  the  Com- 
missioner Superintendent,  Mr.  Crocker,  and  the  Consulting  Engi- 
neer, ^^r.  Latrobe,  on  several  important  subjects. 

Thus  the  former  advocates  the  prosecution  of  the  work  by  the 
State  for  .some  time  longer,  before  any  resource  is  had  to  working 
by  contract,  in  order  that  the  very  expensive  preliminarj'-  works 
already  constructed  may  be  utilized,  and  made  in  this  sense,  remu- 
nerative to  the  State.  He  also  calls  attention  to  the  fact,  that  the 
rate  of  progress  under  contract  with  Messrs.  Dull  &  Co.,  was  deci- 
dedly less  than  under  his  own  supervision  acting  for  the  State. 

Mr.  Latrobe  on  the  other  hand,  adheres  to  his  previous  opinion 
as  to  the  advantage  of  the  contract  system,  and  shows  that  the  cost 
of  the  work  executed  under  contract  was  in  a  marked  degree  less 
than  that  carried  on  by  day  labor  for  the  State. 

Again,  with  reference  to  the  pumping  machinery  for  the  main  shaft 
and  west  shafts.    Mr.  Crocker  has  used  so  far  with  success,  and  advo- 
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cates  for  the  future,  cheap,  compact  and  light,  fast  running  pumps, 
such  as  those  of  Knowles  &  Sibley,  placed  at  the  bottom  of  the  shaft 
with  their  boilers  and  furnaces,  which  thus  assist  in  the  ventilation. 
Mr.  Latrobe,  on  the  contrary,  advises  the  erection  of  large  Cornish 
pumps  at  the  mouth  of  the  shaft,  even  at  a  very  heavy  outlay.  The 
relative  merits  of  these  plans  will  depend  much  in  the  present  case, 
upon  the  lengtli  of  time  for  which  the  pumping  process  will  be 
continued. 

With  reference  to  the  use  of  Nitro-Glycerine,  Mr.  Crocker  speaks 
sanguinely,  and  describes  arrangements  which  he  has  made  to  give 
it  a  thorough  trial,  and  to  manufacture  the  article  on  the  ground. 
Want  of  space  precludes  our  saying  more  on  this  subject  at  present'^ 
but  in  our  next  issue  we  will  return  to  it,  and  give  in  full  the  report 
of  Mr.  G.  W.  Mowbray,  who  has  undertaken  the  manufacture  of 
this  powerful  explosive. 

In  this  connection,  we  would  also  refer  to  the  article  on  Nitro- 
Glycerine,  in  the  present  number  p.  40. 

Continuous  Profile  Paper,  by  James  W.  Queen  &  Co.  Every 
engineer  who  has  had  any  experience  in  that  direction,  is  feelingly 
aware  of  the  annoj'-ance  and  difficulty  attending  the  use  of  sheets  of 
profile  paper  which^  have  been  attached  to  each  other  by  pasting, 
for  the  purpose  of  producing  such  a  continuous  roll  as  is  required 
in  svirvey  of  long  railroad  lines.  It  would  be  useless  for  us  to 
enumerate  the  difficulties  resulting  from  uneven  surface,  want  of 
fit,  (Sec,  which  are  thoroughly  realized  by  all.  The  great  value  of 
an  article  such  as  the  continuous  profile  paper,  a  minute  fragment 
of  which  is  appended  as  a  specimen  herewith,  which  is  22  inches 
from  top  to  bottom,  and  of  any  length  that  is  desired,  and  last  but 
not  least,  costs  but  30  cents  a  yard,  will  therefore  at  once  be  real- 
ized. Nor  is  the  use  of  this  article  confined  to  the  engineer.  The 
student  and  experimenter  in  nearly  every  branch  of  science,  con- 
tinually requires  some  similar  means  for  projecting  and  com- 
paring results  and  observations,  in  one  or  other  of  the  methods  so 
ably  discussed  by  Prof.  Mayer  in  his  "  Lecture  Notes,"  which  have 
appeared  from  time  to  time  in  this Vowrna^. 

The  subjoined  letter  gives  the  opinion  of  skillful  engineers  of  long 
standing,  in  regard  to  the  merit  of  the  Continuous  Profile  Paper : 

Philadelphia,  Jan.  31.  1868. 
Messrs.  James  W.  Queen  &  Co. 

Oents : — We  have  examined  vour  Continuous  Profile  and  Cross 
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Section  Paper,  and  have  no  hesitation  in  pronouncing  it  a  great 
improvement  over  the  sheet  plan  in  which  such  papers  have  been 
heretofore  printed.  The  want  of  this  kind  of  profile  paper  has 
been  much  felt  for  years  past,  particularly  on  surveys  of  long  rail- 
road lines,  for,  in  joining  the  ends  of  different  sheets,  we  have  found 
it  extremely  difiicult  to  do  it,  or  have  it  done  with  accuracy,  on 
account  of  the  unequal  shrinking  of  the  paper  in  printing  and 
drying;  for  this  reason  only,  your  Continuous  Paper  will  super- 
sede the  Sheet  Profile  Paper;  but,  in  addition,  we  notice  the  price 
of  your  Continuous  Profile  Paper  is  less  than  we  have  always  paid 
for  the  same  article  in  sheets.  This,  we  consider,  adds  very  much 
to  the  merit  of  your  invention. 

Strickland  Kxeass,  Civil  Engineer. 
John  C.  Trautwine,  Civil  Engineer. 
W.  H.  Wilson,  Ch.  Eng.  Penna  R.  R. 
Power^ Looms. — As  Lowell,  Fall  River,  Lawrence  and  Man- 
chester, in  the  Eastern  States,  are  noted  for  the  manufacture  of  plain 
cottons,  such  as  print  cloths,  so  is  Philadelphia  famous  for  its  cotton 
checks,  ginghams,  plaid  flannels,  balmoral  skirts,  and  such  cloths, 
in  which  filling  of  more  than  one  color  is  used.  Thirty-five  years 
ago,  all  checks,  ginghams  and  plaids  of  all  descriptions  were  the  pro- 
duction of  the  hand  loom.  It  was  about  1833,  that  the  first  double 
box  power  loom  was  started  in  this  country  by  the  late  J.  C.  Kemp- 
ton,  at  the  Schuylkill  Factory,  at  Manayunk  (now  Twenty-first  Ward 
of  this  city).  Mr.  Kempton  was  the  first  manufacturer  who  attempted 
the  production  of  plaids  on  the  power  loom.  His  experiments  were 
attended  with  great  success,  but  met  with  great  opposition  from  the 
hand  loom  weavers,  and  threats  and  attempts  were  made  to  burn  the 
factories  of  Mr.  Kempton  in  1837,  Other  manufacturers,  seeing  the 
success  of  Mr.  Kempton,  and  the  great  profits  attending  the  manu- 
facture of  plaids  on  the  power  loom,  had  many  of  their  single  box 
looms  altered,  and  others  made  to  weave  from  two  to  four  colors  of 
filling,  and  at  the  present  day,  thousands  of  double  box  power  looms 
are  running  in  Philadelphia  and  vicinity,  and  not  ten  hand  looms 
are  now  to  be  found  making  checks  or  ginghams.  One  firm  at 
Manayunk  has  about  500  to  000  double  box  power  looms  uu  checks 
and  ginghams,  producing  from  fourteen  to  fifteen  thousand  yards 
daily. 

Since  the  first  double  box  power  loom  was  started  at  Manayunk 
by  Mr.  Kempton,  many  improvements  have  been  made  in  power 
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looms  for  weaving  plaids.  The  following  illustration  shows  a  power 
loom  for  weaving  with  two  colors  of  filling,  called  a  two  box  loom, 
the  manufticture  of  Mr.  Thomas  Wood,  of  this  city,  at  his  loom 


works,  Twenty-first  and  Hamilton  streets.  Mr.  Wood  was  one  of 
the  first  of  our  mechanics  to  engage  in  the  building  of  double  box 
power  looms,  and  has  made  them  a  specialty,  and  with  about  twenty 
years  practice  and  experience,  he  has  in  that  time  added  many  im- 
provements. The  above  cut  represents  one  of  his  looms,  in  which 
the  box  motion  is  of  the  star  pattern,  and  for  operating  two  shuttles  or 
two"  colors  of  filling.  This  form  of  box  motion  is  considered  very 
.simple,  durable,  and  capable  of  being  rim  at  a  great  speed,  as  high  as 
140  picks  per  minute.  One  t)f  the  improvements  introduced  by  Mr. 
Wood,  is  the  casting  of  the  shuttle-box  in  one  piece,  no  bolts  or 
rivets  being  used,  as  was  lormerly  done  in  those  made  of  brass, 
wrought  or  malleable  iron.  Thei'e  is  less  liability  to  get  out  of 
order,  and  a  capacity  of  running  ;it  a  great  speed.  In  this  loom, 
the  filling  stop  motion  is  connected  with  the  pawl  that  operates  the 
jwittern  chain  of  the  box  motion,  which  acts  on  the  pawl  instantly 
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by  raising  it,  and  preventing  it  from  changing  the  pattern  when  the 
filling  is  broken  or  exhausted  in  one  of  the  colors,  thereby  saving 
filling  or  yarn,  and  time. 

The  stop  for  the  shuttle  is  independent  of  the  box,  and  is  worked 
by  the  motion  of  the  lay.  It  has  been  much  improved  of  late  by 
adding  a  spiral  spring  to  the  under  part  of  the  stopper,  to  receive 
the  force  of  the  shuttle  as  it  enters  the  box,  which  effects  a  great 
saving  of  pickers  and  shuttles,  and  is  not  so  liable  to  break  the  fill- 
ing, or  jar  oft'  the  bobbin  or  copp. 

Mr.  Wood  is  applying  other  improvements  to  his  looms,  for 
which  he  now  has  patents  pending  before  the  patent  oj0&ce.  See  his 
advertisement  in  the  columns  of  this  Journal. 

Philadelphia  and  New  Hope  Railroad. — The  route  of  a  pro- 
posed railroad  from  Philadelphia  to  New  Hope  is  being  surveyed, 
and  the  engineers  announce  that  easy  grades  can  be  found  over  a 
large  portion  of  it,  leading  through  an  extremely  rich  and  fertile 
country. 

A  "red  line"  car  containing  through -freight  started  a  few 
days  ago  from  Boston  to  Cheyenne,  2050  miles.  The  freight  will 
go  through  without  breaking  bulk. 

Progress  and  Effect  of  R.R.  Consolidation. — In  the  infancy  of 
what  has  grown  to  be  a  vast  and  complicated  system,  intimately  inter- 
woven with  all  the  interests  of  the  State,  it  was  natural  and  proper 
that  short  roads  for  local  business  should  be  built.  Through-lines 
only  existed  in  the  imagination  of  some  men  ahead  of  their  time. 
As  other  roads  were  needed  they  were  constructed.  Eival  routes 
were  laid  out.  The  grain  from  the  West,  the  cotton  from  the  South, 
called  for  cheap,  quick  transportation  to  the  seaboard,  to  be  ex- 
changed for  groceries  and  manufactured  goods.  There  was  no  re- 
source but  to  condense,  centralize,  consolidate.  With  larger  capital, 
influenced  less  by  local  interest  and  managed  with  vastly  more 
energy,  the  consolidations  could  and  did  offer  greater  facilities  for 
business,  and  traffic  took  advantage  of  these  facilities. 

From  New  York  via  Philadelphia  and  Pittsburg,  to  Cheyenne, 
at  the  base  of  the  Kocky  Mountains,  a  distance  of  1917  miles,  but 
three  changes  of  cars  are  made,  and  five  companies  control  the  whole 
distance.  Between  New  York  and  New  Orleans,  1500  miles,  there 
are  ten  different  roads,  while  between  New  York  and  Charleston, 
only  788  miles,  there  are  also  ten. 

If  the  prices  in  the  stock  markets  can  be  considered  a  test  of  value, 
Vol.  LVI.— Third  Sbbibs.— No.  1.— July,  1868.  'Z 
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stockholders  certainly  should  favor  consolidation.  Take  up  the 
stock  list  and  compare  the  prices  of  the  stock  of  those  companies 
formed  by  agglutination — by  link  added  to  link — a  new  line  made 
here,  a  branch  extended  there  with  that  of  those  formed  complete, 
whose  termini  are  hundreds  of  miles  apart,  and  between  which  there 
is  a  wilderness. 

In  England,  where  they  are  much  in  advance  of  this  country  in 
matters  pertaining  to  railroad  science  (with  the  exception,  perhaps, 
of  bell-ropes),  the  tendency  and  practice  has  been  to  consolidate, 
and  it  has  been  carried  to  the  extreme,  and  yet  none  of  the  evils 
which  are  often  predicted  here  have  resulted  there.  In  1844  a  bill 
passed  Parliament)  providing  that  all  roads  chartered  thereafter 
could  be  purchased  by  the  Government  after  twenty-one  years. 
This  bill  covers  over  five-sixths  of  the  roads  in  the  kingdom.  The 
propriety  and  practicability  of  such  purpose  is  now  being  discussed. 
The  measure  was  })roposed  and  carried  through  by  Mr.  Gladstone, 
and  it  is  not  improbable  that  be  may  take  it  in  hand  again.  The 
consolidations  or  amalgamations,  as  they  are  called  there,  of  the 
thirteen  great  lines,  are  almost  numberless. 

The  London  and  North-western,  the  greatest  company  of  the 
kingdom,  with  1307  miles  of  road,  is  composed  of  twenty-eight 
companies ;  the  business  per  mile  carried  on  some  of  which,  as  the 
Liverpool  and  Manchester,  and  London  and  Birmingham,  surpasses 
anything  our  roads  can  show.  The  North-eastern  is  composed  ol' 
fourteen,  the  North  British  of  eleven,  the  Manchester,  Sheffield,  and 
Lincolnshire  of  thirteen  companies. 

In  France  the  State  must  do  everything.  A  wise  legislation  has 
now,  however,  freed  the  Treasury  from  any  ownership  in  any  of 
the  roads,  and  a  very  general  supervision  is  all  that  it  retains. 
There  have  been  projected  and  partly  aided  by  the  State  six  great 
lines,  now  entirely  owned  by  corporations. 

First. — The  Northern  line  from  Paris  to  Calais,  Boulogne,  Dun- 
kirk, and  the  Belgian  frontier. 

Second. — The  Western  line  from  Paris  to  Havre  and  Dieppe. 

T/iiV(7.— The  Orleans  or  Central  line,  from  Paris  to  Orleans,  Bor- 
deaux, Nantes,  &c. 

Fourth. — The  Southern  line,  from  Bordeaux  to  Cette  Bayonne, 
Toulouse,  &c. 

Fifth. — The  Paris,  Lyons,  and  Mediterranean  line  from  Paris  to 
Marseilles,  with  branches  to  Cette  Bayonne,  &c. 
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Sixth. — The  Eastern  line  from  Paris  to  Strasburg,  Chalons-sur- 
marne,  «Scc. 

A  glance  at  the  map  will  show  that  these  lines  were  laid  out  not 
only  with  a  view  to  the  demands  of  traffic  in  times  of  peace,  but  as 
offensive  and  defensive  lines  in  times  of  war. 

In  ninety-nine  years  from  1852,  the  roads  are  to  revert  to  the 
State,  suitable  provision  by  means  of  a  sinking  fund  or  an  equiva- 
lent being  made  for  the  stockholders.  A  similar  law  obtains  in 
Prussia,  the  Government  agreeing  to  pay  the  stockholders  an 
amount  equal  to  twenty-five  times  the  average  dividend  for  the  pre- 
ceding five  years.  In  Belgium  the  State  owns  all  the  roads,  and  in 
lowness  of  fare,  economy  of  working,  and  excellence  of  arrange- 
ments, they  equal  all  and  surpass  most  of  the  European  roads. 

We  append  a  table,  showing  the  cost,  length  (excluding  branches 
leased),  and  cost  per  mile,  of  some  of  the  longest  American  and 
English  roads. 


Railroads. 

Cost. 

Length,  including 
branches  owned. 

Cost  per  Mile. 

Erie 

$48,507,541 
34,133,911 
21,135,439 
50,357,500 
43,234,929 
17,922,359 
41.478,280 
23,841,274 

459 
550 
387 
387 
80) 
409 
708 
529 

$105,680 
61,500 
54,000 
145.030 
54,040 
38,250 
58,590 
45,070 

New  York  Central  

Pennsylvania 

Atlantic  &  Great  West... 

Chic.  &  North-west 

Mobile  «&  Ohio 

Illinois  Central  

Pitt.o.  Ft.  W.  &  Chic 

Caledonian 

$280,611,293 

4,294 
573 

$60,747 

£21,200,283 

£30,907 
39,420 
44,709 
37,564 
55,771 
42,308 
32,725 
40,743 
31.752 

Great  EHStern 

Great  Northern 

28,123.000                    70.  • 
20,519.500                    487 

Great  Western 

49,246,137     '            1,311 
22,475,855     i               403 
60,180,013     i            l,3u7 
10,400,557                    503 
30,079,030     ■               701 
39.023, .507                 1,229 

Lancaster  &  Gerk're 

London  &.  N.  Western.... 

London  &  S.  Western 

Midland 

North-eastern 

South-eastern 

19,891,311     1               330                           60;277         I 

North  British 

Maiich.,  Sheff.  &  Lon 

18,799,778 
15,336,341 

762 
246 

8.611 

25,133 
62,343 

£337,935,978 

£39,245 

or  in  dollars  at  five  to  the  pound  sterling,  we  have  8611  miles  of 
railway,  costing  $1,689,679,890,  gold,  or  $196,225  per  mile.  Sorao 
of  th»  shorter  roads  cost  much  mora  than  this.     The  North  Lon- 
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don,  eleven  miles  in  length,  cost  the  enormous  sum  of  $1,352,935, 
gold,  per  mile.  The  London,  Chatham,  and  Dover,  cost  for  its  one 
hundred  and  thirty-six  miles  $704,020,  gold,  per  mile.  The  near- 
est approach  to  these  enormous  sums  in  this  country  is  in  the  con- 
struction of  the  connecting  railroad  through  Philadelphia,  uniting 
the  New  Jersey  roads  with  the  Pennsylvania  Central,  and  Phila- 
delphia, Wilmington  and  Baltimore  roads.  In  the  report  of  the 
consolidated  companies,  the  President  estimates  the  cost  of  con- 
structing these  seven  miles  at  $2,000,000 — nearly  $300,000  per 
mile. 

The  Spectroscope  and  the  Bessemer  Process. — Almost  with 
the  first  aunouuceijaent  of  the  action  and  indications  of  the  spectro- 
scope, it  was  proposed  to  apply  it  in  the  manufacture  of  iron  as  an 
indicator  of  the  progress  in  change  or  conversion  of  the  material. 
See  this  Journal^  Vol.  XL  V.  p.  128.  After  many  and  various  experi- 
ments, which  we  have  from  time  to  time  noticed,  it  is  now  at  last 
announced  that  a  satisfactory  result  has  been  reached  by  Prof. 
Lielegg  and  Dr.  Eoscoe,  and  that  in  the  Bessemer  process,  the  proper 
moment  for  stopping  ofl'  the  blast  and  introducing  the  spiegeleisen 
can  be  determined  by  observation  of  the  flame  escaping  from  the 
converter,  with  a  spectroscope.  The  order  of  changes  in  the  spec- 
trum are  from  first  to  last  as  follows :  When  the  charge  is  started, 
a  luminous  spectrum  appears,  due  to  the  volley  of  sparks,  with  no 
lines ;  soon  alter  the  sodium  line  is  seen,  followed  by  those  of  iron, 
lithium,  potassium,  hydrogen,  nitrogen,  and  a  number  of  bright 
lines  with  very  dark  spaces  between,  due  perhaps  to  carbonic  oxide 
and  perhaps  to  carbon  vapor,  which  occur  principally  in  the  green, 
these  again  disappear  in  inverse  order  to  that  of  their  development, 
and  their  total  or  partial  extinction  is  the  signal  for  the  stoppage  of 
the  blast,  and  introduction  of  spiegeleisen. 

The  Town  of  Belfast,  Maine,  alive  to  the  importance  of 
having  a  direct  connection  with  the  Main  Central  Kailway,  has 
TOted  $HOO,000  to  build  a  connection. 

Improved  Air-Pump.— By  E.  S.  Eitchie,  Esq.,  of  Boston,  Mass. 
A  good  air-pump,  which  will  produce  with  certainty  a  vacuum  ap- 
proaching the  Torricellian,  is  becoming  almost  a  necessity,  and  cer- 
tainly a  most  desirable  possession  to  every  physicist  who  is  called 
upon  to  demonstrate  to  his  classes  the  new  developments  of  electri- 
cal science.  In  view  of  this  fact,  we  are  glad  to  receive  and  publish 
tk©  following  account  of  an  air-pump,  containing  many  new  features, 
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devised  and  constructed  b}^  Mr.  E.  S.  Ritchie,  who  is  already  so  well 
known  for  the  great  improvements  which  he  has  introduced  in  the 
Induction  Coil,  Holtz  Machine,  and  other  Philosophical  instruments, 
as  well  as  by  his  Liquid  Compass,  and  other  valuable  devices. 

This  new  pump,  with  automatic  valves  above  mentioned,  may  be 
described  as  follows : 

The  cylinder  is  made  in  the  usual  form.  The  motion  may  be 
given  to  the  piston-rod  by  crank  or  lever.  The  peculiarities  are  in 
the  construction  of  the  piston  and  valves,  and  also  in  the  manner  in 
which  motion  is  given  to  the  valves. 

Fig.  1  is  a  section  showing  the  valves,  &c.,  much  exaggerated 
for  distinctness. 

The  lower  valve  is  conical,  held  in  place  by  a  triangular  stem  fit- 
ting the  tube  ;  it  is  raised  by  the  valve-rod  ^^?.-  ^  • 
passing  up  through  a  stuffing-box  in  the 
piston ;  an  enlarged  section  (Fig.  2),  shows 
the  manner  in  which  the  attachment  is  made, 
which  allows  a  motion  of  the  rod  sidewise, 
so  that  any  slight  change  of  form  of  the 
packing  of  the  piston,  or  stuffing  of  the  rod, 
cannot  prevent  the  valve  from  shutting  pro- 
perly. The  cone  of  the  valve  is  ground  to 
a  perfect  fit  to  its  seat,  but  the  valve  is  also 
furnished  with  a  disk  of  oiled  silk,  which 
projects  just  beyond  its  outer  edge,  and 
touches  the  flat  surface  of  the  valve-seat ; 
the  valve-rod  extends  up,  and  its  upper  end 
is  secured  in  a  hole  drilled  in  the  upper 
plate,  of  depth  to  allow  motion  vertically  to  open  the  valve. 

The  piston  is  of  thick  brass,  made  in  two  parts,  the  upper  piece 
has  a  hole  drilled  larger  than  the  piston-rod ;    the  Y\g.  2. 

lower  part  of  conical  form,  ground  to  fit  a  cone  on 
the  piston-rod ;  this  forms  the  piston- valve.  The 
lower  piece  of  the  piston  covers  the  end  of  the  piston- 
rod,  but  allows  it  enough  motion  to  open  the  valve; 
a  series  of  small  holes  through  the  plate  gives  a  free 
passage  for  the  air  to  the  valve. 

A  third  valve  is  placed  outside  the  cylinder,  made  of  oiled  silk 
in  the  usual  way. 

In  the  thickness  of  the  upper  plats  of  the  cylinder  is  inserted  a 
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gteel  lever,  one  end  of  which  covers  the  valve-rod ;  the  other  end, 
when  the  lower  valve  is  closed,  is,  flush  with  the  plate;  but  when 
the  valve  is  raised  it  projects  into  the  cylinder. 

In  action,  the  first  motion  upward  of  the  piston-rod  closes  the 
piston- valve ;  the  first  motion  of  the  piston  opens  the  lower  valve ; 
as  the  piston  ascends,  the  air  above  it  is  forced  out  through  the  upper 
valve ;  and  air  from  the  receiver  flows  unobstructedlj  into  the  cyl- 
inder. The  piston  strikes  the  tail  of  the  lever,  and  at  the  instant  of 
arriving  at  the  top,  closes  the  lower  valve.  The  first  downward 
motion  of  the  piston-rod  opens  the  piston- valve,  the  air  remaining 
in  the  interstices  above  the  piston  distributes  itself  equally  through- 
out the  cylinder,  but  none  can  pass  the  lower  valve  back  into  the 
receiver.  When  the  piston  again  reaches  the  bottom  of  the  cylin- 
der, the  interstices  below  are  filled  with  air  as  rarefied  as  a  pump 
with  ordinary  valves  can  exhaust.  The  working  parts  are  very 
substantial,  not  likely  to  be  deranged,  and  are  readily  accessible. 

Almost  a  Torricellian  vacuum  is  obtained ;  a  mercury  gauge  is 
brought  within  one-fiftieth  of  an  inch.  The  Aurora  Tube  is  filled 
with  brilliant  stratified  light,  in  connection  with  the  Induction  Coil  ; 
water  is  frozen  without  acid,  kc. 

Transparent  Sheet  Gelatine. — On  page  500  of  the  last  vol- 
ume, we  published  a  short  description  of  a  new  kind  of  magic  lantern 
transparency,  made  upon  the  above  substance,  by  Mr.  Outerbridge, 
who  has  also  prepared  the  gelatine  in  the  following  manner:  A 
sheet  of  plate  glass,  of  any  desired  size,  is  carefully  cleaned  and 
polished.  There  is  then  rubbed  over  its  surface  a  very  small 
quantity  of  oil  (passing  an  almond  over  the  plate  answers  excel- 
lently). The  ordinary  gelatine  is  dissolved  in  water  and  poured 
over  the  plate,  which  is  then  allowed  to  stand  for  about  twenty-four 
hours.  The  gelatine  has  by  this  time  hardened,  and  may  be  peeled 
off.  It  may  be  made  insoluble  in  water,  by  mixing  with  it  while 
fluid  a  small  quantity  of  bichromate  of  potash.  The  most  beauti- 
ful colors  may  be  produced,  and  we  have  found  the  colored  gela- 
tine very  useful  for  various  purposes  in  the  magic  lantern.  As 
for  example,  the  disk,  having  seven  different  colors  (Newton's 
recomposition  of  light),  which  being  rapidly  revolved,  produces 
upon  the  screen  a  disk  of  white  light.  In  the  experiment  of  the 
reflection  of  light  in  a  liquid  vein,  colored  gelatine  sheets  may  be 
used  instead  of  stained  glass,  and  are  of  course  much  cheaper  and 
more  easily  put  together. 
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New  Railroad  Bridge  at  Port  Clinton. — The  Port  Clinton 
(Pa.)  reporter  of  the  Reading  Eagle  says:  The  Philadelphia  and 
Reading  Railroad  Company  have  again  commenced  work  on  the 
new  railroad  bridge  across  the  Schuylkill  River  at  this  place.  It  will 
probably  be  completed  during  the  summer.  It  connects  with  the 
main  road  (to  be  constructed)  from  Port  Clinton  to  Topton  on  the 
line  of  the  East  Pennsylvania  Railroad. 

The  Missouri  Pacific  Railroad  returns  as  gross  receipts,  for 
passenger  and  freight  transportation,  exclusive  of  Government  trans- 
portation and  tax,  $2,586,445  for  1867. 

The  Brooks'  Insulator  in  England. — Early  last  year  it  was 
announced  that  Monsieur  Vicomte  de  A^ougy,  Director  General  of 
the  Telegraph  Lines  of  France,  had  appointed  a  commission  of  elec- 
iricians  to  decide  upon  the  style  and  material  of  an  insulator  for 
telegraph  lines  under  his  charge.  This  commission  was  composed 
of  eminent  electricians,  among  whom  were  Monsieurs  Gaugain 
<iavorect,  Du  Moucel  and  others,  whose  names  are  familiar  to  all 
readers  of  works  on  electrical  science.  The  most  approved  insula- 
tors of  the  different  countries  in  Euro})e  were  procured  and  tested 
in  the  open  air,  exposed  to  the  weather.  Among  others  presented 
tor  trial  was  that  of  Mr.  Brooks,  mentioned  in  this  Journal^  Vol. 
LV.,  page  10,  and  also  at  page  149.  After  three  months  of  trial, 
an  order  was  given,  on  October  1,  1867,  to  Mr.  Brooks  for  a  suffi- 
cient number  to  enable  the  commission  to  make  a  practical  test  of 
their  value.  The  result  of  this  examination  and  test  was  made 
known  through  the  columns  of  the  Semaine  Financiere  of  January 
24,  and  La  Union  of  February  4,  stating  that  the  Brooks  had 
proved  far  superior  to  all  its  competitors.  (This  was  reported  in 
our  March  number  for  this  year.) 

The  English  Telegraphers  hearing  of  the  success  of  this  Insulator, 
sent  to  Philadelphia  for  samples  to  test  in  comparison  with  their 
own  in  the  fogs  and  mists  of  London. 

A  table  of  results,  which  has  just  been  received,  and  is  printed 
below,  speaks  for  itself,  and  shows  that  the  merits  of  this  instru- 
ment are  not  lost  by  a  change  of  climate  or  a  transfer  to  hands  in 
no  wise  interested  in  their  development  or  exhibition. 

We  were  present  lately  at  a  series  of  tests  of  the  Brooks  and 
uther  Insulators,  made  in  this  city,  which  fully  confirmed  the  results 
obtained  at  Silverton,  as  shown  in  the  following  table.  These  we 
will  give  in  full  in  our  next  issue. 
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PNEUMATIC  BRIDGE  FOUNDATIONS. 

By  O.  Chauute,  C.  E. 

fContinii"d  from  page  391.) 

The  cylinder  being  thirty-five  feet  in  diameter,  it  was  out  of  the 
question  to  maintain,  with  the  ordinary  pneumatic  machinery,  the 
necessary  pressure  and  volume  of  air  for  a  sufficient  number  of 
workmen,  operating  at  a  depth  of  eighty-two  feet,  or  under  a  pres- 
sure of  two  or  three  atmospheres.  It  was  evident  that  the  working 
space  must  be  made  as  small  as  possible  to  ensure  success.  With 
this  view,  Mr.  Brunei  divided  his  cylinder  in  two  parts;  the  bottom 
portion  was  provided  with  a  spherical  dome,  under  which  the 
plenum  was  to  be  maintained,  and  the  upper  portion  was  so 
arranged  that  it  could  be  removed  after  the  masonry  was  built  up. 
Tn  the  lower  portion,  there  was  under  the  dome  an  aimular  parti- 
tion, concentric  with  the  cylinder,  divided  into  compartments,  com- 
municating with  the  exterior  works  by  a  pneumatic  tube  enclosed 
in  another  tube  of  greater  diameter.  This  pneumatic  tube  was  used 
in  forcing  air  into  the  annular  chamber,  while  the  enclosing  tube 
served  to  withdraw  the  materials  excavated.  As  soon  as  the  mud 
was  removed  from  the  annular  space  in  this  species  of  diving  bell, 
masonry  was  built  in  its  place,  fitting  accurately  the  rock  bottom  and 
iron  sides,  so  as  to  shut  out  the  water.  This  operation  completed,  it 
was  contemplated  to  remove  the  inner  dome  and  the  pneumatic 
tube,  and  to  work  in  the  open  air,  in  the  centre  of  the  masonry  ring 
thus  laid  inside  the  cylinder. 

In  case  of  infiltrations,  it  was  believed  that  ordinary  pumps 
would  suffice  to  keep  the  water  down.  Unfortunately,  the  space 
enclosed  by  the  inner  cylinder  was  found  far  from  dry,  the  pumps 
moved  by  portable  engines  mounted  upon  the  cylinder  being  unable 
to  keep  down  the  water,  flowing  in  through  crevices  in  the  rock 
bottom.  It  became  necessary  to  employ  for  this  middle  space  the  same 
process  as  for  the  annular  chambers,  and  to  resort  to  compressed  air. 

We  believe  that  the.founding  of  this  pier  occupied  nearly  three 
years,  and  that  the  health  of  the  workmen  suffered  so  seriously 
from  the  great  air  pressure  which  had  to  be  maintained  to  counter- 
balance the  water  pressure  (from  two  to  three  atmospheres),  that 
Vol.  LVI.— Third  Skries.— No.  1.— July,  1868.  3 
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continental  engineers  are  agreed  that  twenty-five  metres  (eighty-two 
feet),  is  about  the  extreme  limit  to  which  it  is  advisable  to  carry  the 
plenum  process. 

Russian  Bridges. — In  building  the  railway  from  Warsaw  to  St. 
Petersburg,  and  its  branches,  very  similar  circumstances  to  those 
which  obtain  in  this  country  were  encountered.  The  country  was 
sparsely  settled,  foundries  and  machine  shops  few,  and  means  of 
transportation  difficult.  Rivers  had  to  be  crossed,  resembling  much 
in  their  regime  our  western  streams,  while  the  variations  of  tempe- 
rature and  ice  freshets,  wei-e  fully  as  severe  as  with  us. 

As  no  stone  but  a  few  scattered  boulders  was  to  be  obtained,  it 
was  decided  to  make  large  use  of  tubular  iron  piers  and  founda- 
tions. The  following  is  a  list  of  some  of  the  principal  bridges  on 
that  line. 


Namu  ol  Kiver. 


Dwina 

Nicnien,  at  Kowno 

Bug 

Niemen,  at  Grodno 

Narew 

Vakka 

Vileika 


Lengtli 

of 
Bridge. 


874  ft. 

985  " 

•Jli'.t  " 

(il8  '• 

55y  '• 

1:74  " 

250  " 


^' timber      Number  ;  i^j^meter 

Tubes  in   j     r^^^^^ 
each  Pier.  1 


Total  weights  of ! 
iron    for   Super-  j 
structure,  Piers,  j      I 
and  Ice  Breakers.  I      ' 


of 
iSpans. 


0 

" 

' 

0 

^ 

- 

" 

'> 

3 

2 

14  ft.  9  in. 
11  ft.  6  in. 
9  ft.  10  in. 
11  It.  G  in. 
9  ft.  10  in. 
G  ft.  G  in. 
6  ft.  G  in. 


So 


1768 

2100 

1275 

1113 

374 

260 

212 


3242 

1960 

1642 

1324 

932 

281 

242 


These  bridges  are  all  for  double  track,  with  wrought  iron  super- 
structure, and  were  built  by  contract  by  Mr.  E.  Gouin,  of  France, 
from  IbSy  to  1862.  The  piers  are  all  of  cast  iron  tubes,  protected 
by  ice  breakers,  and  filled  with  a  concrete  composed  of  ro]tlaii(l 
cement,  1  part;  sand,  2  parts;  broken  stone,  with  a  small  quantity 
of  brick,  3^-  parts. 

Plate  III.  gives  an  elevation  and  plan  of  those  for  the  Kuwuu 
bridge  over  the  Niemen. 


Jniinittl  Frtntklin  Jnstitule 


Voa\73'^Senes.P/Ml. 


Kow'iio  lirifhjp  over  the  Xirniat. 


]J-I_IJJ 

Sfiiion 
Ihmiifjli  fiihr 


Sitir   Kle\-(ilinii . 


Srrlioii  t/iniiu/li 
Con  err  If . 


Plan 
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As  all  the  iron  work  and  castings  were  to  be  brought  from 
France,  Germany,  and  England,  it  was  important  that  thej  should 
be  of  some  form  more  easy  of  stowage  and  transportation  than  the 
ordinary  full  cylinder  sections  used  in  the  pneumatic  process;  this 
could  only  be  accomplished  by  multiplying  the  joints,  while  even 
with  the  usual  form,  considerable  difficulty  and  loss  is  occasioned 
by  the  leakage  of  the  compressed  air  between  the  flanges.  To 
obviate  these  two  opposite  difficulties,  and  inspired  by  the  success 
of  the  modified  process  employed  at  the  Kehl  bridge,  which  will 
hereafter  be  described,  important  changes  were  made  in  the  arrange- 
ment of  the  tubes.  The  compressed  air  was  confined  to  a  working 
chamber,  D,  15  feet  high,  of  riveted  wrought  iron  plates,  at  the  bot- 
tom of  the  tube,  closed  at  top  by  a  diaphragm  plate  c,  made  in  two 
halves  for  convenience  in  withdrawing,  and  connected  with  the  air 
lock.  A,  by  two  service  tubes  of  wrought  iron,  B  B,  80  inches  in  dia- 
meter, and  provided  with  internal  ladders  and  hoisting  gear.  The 
volume  of  air  to  be  supplied  was  thus  reduced  to  the  smallest  pos- 
sible quantity,  leakages  avoided,  and  great  economy  of  both  money 
and  time  secured.  The  diaphragm  effectually  protected  the  work- 
men from  the  fall  of  any  stone,  timber,  or  material  from  above, 
while  it  left  the  whole  inside  space  above  it  available  for  ballast  to 
sink  the  tube.  Water  was  used  for  this  purpose,  being  much 
cheaper  and  more  easily  handled  than  the  rails  or  heavy  cast  iron 
weights  generally  employed  elsewhere.  The  workmen  went  in  and 
oat,  and  the  excavated  materials  were  withdrawn  through  the 
service  tubes,  which  were  built  in  sections  4  feet  11  inches  high. 
All  the  joints  of  the  air  lock  and  the  working  chamber  with  the 
diaphragm  and  service  tubes  were  bolted  together  with  rings  of 
India  rubber  between  the  flanges. 

As  with  this  arrangement,  leaks  were  no  longer  to  be  feared  in 
the  main  tubes  above  the  working  chamber,  their  sections  were  cut 
up  into  four  segments,  provided  with  internal  flanges,  and  securely 
bolted  together. 

As  soon  as  the  column  was  sunk  to  its  intended  depth,  the  work- 
ing chamber  was  filled  with  concrete  to  a  height  sufficient  to  coun- 
terbalance the  water  pressure,  the  diaphragm,  air  lock  and  service 
tubes  withdrawn  for  future  use,  and  the  remainder  of  the  column 
filled  with  concrete  in  the  open  air. 

Each  pier  of  the  Kowno  bridge  consists  of  four  such  columns, 
11  feet  6  inches  in  diameter,  sunk  to  a  depth  of  39  feet  below  low 
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water,  through  granitic  sand.  They  rest  upon  a  stratum  of  hard 
clay,  and  are  embedded  on  an  average  about  33  feet  in  the  sand. 
All  parts  exposed  to  shocks  are  2  J  inches  thick.  The  two  up  stream 
columns  support  an  ice  breaker  of  cast  iron  plates  2|  inches  thick, 
bolted  together  through  internal  flanges,  and  the  other  two  columns 
support  the  trusses  of  the  bridge. 

The  abutments  consist  of  two  columns  of  the  same  size,  sunk  to 
the  same  depth  as  the  piers,  the  ice  breakers  being  omitted. 

It  is  stated  that  these  columns,  sunk  in  1861,  have  stood  ever 
since  very  well.  The  observed  changes  of  temperature  at  the 
bridge  site  have  been  135  degrees,  or  from — 31°  to  +  104°  Fahren- 
heit. The  ice,  whiph  frequently  attains  a  thickness  of  two  or  three 
feet,  and  gorges  when  breaking  up,  so  that  sometimes  the  water 
rises  and  falls  five  and  six  feet  in  an  hour,  has  had  no  effect  upon 
their  stability. 

It  need  scarcely  be  pointed  out  that  in  a  country  like  ours,  where 
timber  is  cheap  and  iron  dear,  the  iron  working  chamber  could  in 
certain  cases  be  surmounted  with  a  tube  made  of  wooden  staves, 
which  could  be  filled  with  concrete  or  cut  stone  masonry,  either 
after  the  column  was  down  to  the  desired  depth,  or  (when  great 
penetration  and  consequent  weight  was  required),  during  the  pro- 
gress of  sinking. 

The  same  contractors  in  1860-1,  under  the  direction  of  General 
Kerbedz,  a  distinguished  Russian  engineer,  put  in  similar  tubes  for 
the  foundations  of  the  masonry  piers  of  the  bridge  across  the 
Vistula,  at  Warsaw. 

The  piers  are  protected  with  ice  breakers,  inclined  at  an  angle  of 
45  degrees,  and  are  faced  with  granite,  backed  with  red  sand  stone. 
The  masonry  rests  upon  four  columns;  two  of  these,  18  feet  in 
diameter,  are  placed  under  the  bearings  of  the  trusses,  35  feet  6 
inches  between  centres.  The  other  two,  9  feet  in  diameter,  are 
placed,  the  one  between  the  two  large  columns,  and  the  other  under 
the  ice  breaker.  A  cast  iron  grillage  resting  upon  the  edges  of 
the  columns,  spans  over  the  intervening  spaces  and  supports  the 
masonry. 

The  tubes  were  built  like  those  on  the  St.  Petersburg  and 
Warsaw  Railway,  with  a  working  chamber  of  boiler  plate,  13  feet 
high,  surmounted  by  a  cast  iron  shell,  divided  into  4  segments  per 
section  for  the  small  columns,  and  12  for  the  large  ones.  A  wrought 
iron  diaphragm,  shaped  like  a  truncated  cone,  formed  the  top  of  the 
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working  cbamber,  and  supported  the  water  or  soil  which  composed 
the  ballast.  The  working  tubes  were  connected  with  this  dia 
phragm,  and  the  excavated  materials  extracted  through  them. 

The  columns  were  sunk  to  a  depth  of  49  feet  below  low  water, 
and  a  bed  of  concrete  being  laid  for  a  few  feet,  solid  masonry  was 
filled  in  the  tube  above  it.  A  coffer-dam  built  around  the  tubes,  was 
then  pumped  out,  the  upper  portion  of  the  tubes  disconnected  and 
withdrawn,  the  grillage  put  in  place,  and  the  pier  built. 

The  work  was  done  rapidly,  of  its  kind,  the  tubes  of  the  first  pier 
having  been  sunk  and  filled  with  the  concrete  foundation  during 
the  first  season,  and  in  the  second  season,  that  of  1861,  the  16  tubes 
of  the  last  four  piers  were  put  down. 

Bridge  at  Orival. — The  latest  bridge  founded  with  tubes,  of 
which  we  have  a  description,  is  that  over  the  Seine,  at  Orival, 
built  in  1863  and  1864,  Both  the  piers  and  abutments  are  formed 
of  cast  tubes,  11  feet  9  inches  diameter,  spaced  28  feet  6  inches 
between  centres.  The  cutting  section  is  2|  inches  thick,  the  inter- 
mediate 2  inches,  and  the  upper  sections  1^  inches.  The  reader 
will  find  a  full  description  of  this  bridge  in  Engineering,  of  Febru- 
ary 1st,  1867. 

The  chief  advantage  offered  by  the  use  of  the  plenum  process, 
lies  in  the  complete  command  which  it  gives  over  the  removal  of 
obstacles.  The  process  of  excavating  in  compressed  air,  and  of 
withdrawing  the  materials  through  an  air  lock,  however,  is  both 
tedious  and  expensive.  At  the  Theiss  bridge,  the  workmen  in  the 
tube  averaged  only  ,^oths  of  a  cubic  yard  per  day  each,  while  as 
much  as  S15  per  cubic  yard  has  been  paid  by  contract  at  other 
bridges.  At  Orival,  the  solid  cubic  contents  of  that  portion  of  the 
columns  sunk  into  the  soil,  averaged  147  cubic  yards,  and  the 
average  cost  of  sinking  was  $1786.46  each. 

Where  but  few  obstacles  are  to  be  expected,  it  may  be  much 
cheaper  to  employ  other  methods  of  excavation.  Thus,  in  putting 
down  tubes  of  8  feet  4  inches  diameter,  to  form  the  piers  for  the" 
bridge  over  the  Clyde,  last  year,  Mr.  Milroy  sank  them  down  76 
feet  through  sand,  without  the  use  of  compressed  air,  and  at  a  cost 
inside  of  one  dollar  per  cubic  yard  removed,  by  the  use  of  the  inge- 
nious machine  figured  and  described  in  the  number  of  Engineer- 
ing, for  December  6th,  1867;  while  wrought  iron  tubes  14  feet  in 
diameter,  have  recently  been  sunk  at  one  of  the  bridges  now  build 
ing  across  the  Mississippi,  by  excavating  inside  with  a  vertical 
dredge,  at  a  cost  of  about  $750  per  tube. 
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Part  IL — Caissons. 

In  the  improvements  of  the  pneumatic  process,  which  remain  to 
be  noticed,  of  substituting  caissons  for  tubes,  and  putting  in  the 
foundations  and  building  the  pier  simultaneously,  the  materials 
excavated  have  been  withdrawn  without  passing  through  the  air 
lock  at  all,  while  much  greater  rapidity  of  execution  and  stability 
of  work  have  been  secured. 

Kehl  Bridge. — When,  in  1858,  the  governments  of  France  and 
of  the  Grand  Duchy  of  Baden,  entered  into  an  agreement  for  the 
purpose  of  building  an  international  bridge  over  the  Ehine,  at  Kehl, 
in  order  to  unite  their  respective  railway  systems,  it  was  at  first 
contemplated  to  employ  pneumatic  tubes  for  the  four  river  piers. 
Drawbridges  being  required  adjoining  each  bank  of  the  river,  the 
piers  next  to  the  shores  were  to  be  of  masonry,  founded  upon  tubes, 
and  the  intermediate  piers  of  columns  carried  up  to  the  bridge  seat. 

The  International  Commission  of  Engineers,  however,  entrusted 
with  the  elaboration  of  the  plans,  came  to  the  conclusion,  that  at 
this  very  difficult  point,  tubes  would  not  afford  sufficient  stability. 

The  bed  of  the  Rhine,  at  Kehl,  is  composed  of  sand,  gravel  and 
silt,  of  nearly  indefinite  thickness,  in  which  scour  is  known  to  occur 
to  a  depth  of  55  feet  below  low  water.  The  stream  is  subject  to 
frequent  freshets,  and  sometimes  attains  a  speed  of  9  to  11  miles 
per  hour;  and  it  was  feared  that  isolated  columns,  offering  but  little 
weight  and  base  in  proportion  to  their  surfaces,  might  not  resist  the 
thrusts  produced  by  unequal  scour  upon  their  opposite  sides,  and 
would  offer  but  slight  resistance  to  lateral  shocks  or  shoves.  It 
was  besides  objected  to  columns,  that  as  but  one  tube  could  be  sunk 
at  a  time,  the  founding  of  the  four  piers  would  occupy  more  than 
one  season  between  freshets ;  that  serious  troubles  had  been  expe- 
rienced at  oth^r  bridges  in  penetrating  with  tubes  to  a  lesser  depth 
than  was  thought  necessary  here  (65  feet),  and  that  besides  the  un- 
graceful architectural  appearance  of  columns  for  the  intermediate 
piers,  as  it  would  be  necessary  to  give  the  iron  great  thickness  to 
resist  shocks,  a  large  quantity  of  metal  would  be  employed ;  and 
that  it  would  be  both  cheaper  and  more  expeditious  to  employ  a  dif- 
ferent system. 

Under  these  circumstances,  the  commission  decided  to  adopt  a 
oaodification  of  the  pneumatic  process,  proposed  by  M.  Fleur  St. 
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Denis,  the  principal  assistant  engineer  ;  which,  although  it  did  not 
realize  the  full  measure  of  economy  expected  at  the  Kehl  bridge, 
in  consequence  of  the  needless  complications  and  difficulties  always 
l,>esetting  a  novel  undertaking,  was  more  rapid  in  execution,  and  has 
since,  at  other  works,  proved  cheaper  than  tubes,  while  it  affords 
verv  much  greater  safety  and  stability. 

\t.  Fleur  St.  Denis  proposed  to  sink  down  the  whole  pier  of  ma- 
sonry to  a  depth  of  65  feet  below  low  water,  by  undermining  and 
ixcavating  under  it,  during  the  process  of  building,  in  an  inverted 
j>late  iron  caisson  filled  with  compressed  air,  which  should  support 
the  masonry  above ;  and  to  withdraw  the  materials  excavated  through 
chimneys  left  in  the  pier. 

It  was  arranged  that  the  French  Eailway  Company,  of  which  M. 
Vuigner  was  chief  engineer,  should  put  in  the  foundations  and  build 
the  masonry,  while  the  Baden  company,  of  which  M.  Keller  was  the 
chief  engineer,  should  erect  the  iron  superstructure.  M.  Fleur  St. 
Denis  was  placed  in  charge  of  the  foundation  works. 

The  size  of  the  foundations  of  the  piers  next  to  the  shores,  was 
77  feet  by  23,  and  of  the  intermediate  piers  57  by  23  feet.  It  was 
at  first  proposed  to  build  a  single  caisson  for  each,  but  some  of  the 
engineers  consulted,  feared  that  so  long  a  body  in  proportion  to  its 
width  might  lurch  in  the  process  of  sinking,  and  the  space  was 
divided  into  four  separate  caissons  for  the  shore  piers,  and  three  for 
the  intermediate  piers, 

Plates  IV.  and  V.  give  a  general  idea  of  the  process  adopted,  as 
carried  out  at  the  shore  piers.  The  foundation  was  made  of  four 
independent  inverted  caissons  of  three-eighths  boiler  plate,  each 
19  feet  long,  23  feet  wide,  and  12  feet  high,  placed  side  by  side,  so 
as  to  occupy  a  total  length  of  77  feet,  and  weighing  in  the  aggre- 
gate, 306,000  pounds.  In  the  roof  of  each  were  three  0})ening8, 
the  central  one  4  feet  11  inches  in  diameter,  and  the  two  lateral 
holes  3  feet  3  inches  in  diameter.  The  latter  were  surmounted  with 
wrought  iron  pneumatic  tubes,  provided  with  internal  ladders  and 
winches,  and  served  merely  for  the  passage  of  the  workmen,  and 
the  introduction  of  compressed  air  as  well  as  materials  for  con- 
>^truction  inside  the  caissons.  Each  air  tube  was  used  alternately, 
the  air  chamber  being  fastened  to  the  one,  while  the  other  was  in 
process  of  being  lengthened ;  and  thus  a  cause  of  considerable  delay 
avoided.  In  the  central  hole  a  tube  was  inserted,  passii'g  down 
through  the  inverted  caisson,  and  extending  one  foot  below  its  bot- 
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torn  edge ;  inside  this  tube  a  vertical  dredge  was  mounted,  wliioh 
extended,  as  well  as  the  air  tubes,  through  the  body  of  the  pier  up 
to  the  surface. 

The  four  caissons  having  been  built  side  by  side,  upon  a  tempo- 
rary floor  erected  over  the  intended  site  of  the  pier,  were  lowered 
into  the  bed  of  the  river  by  suspension  screws  supported  by  the 
staging,  and  the  building  of  the  pier  begun  on  top  of  them.  At 
first  the  caissons  were  disconnected  from  each  other,  and  each  sur- 
mounted with  a  wooden  curb,  lined  outside  with  thin  sheet  iron, 
into  which  concrete  was  laid  as  fast  as  the  sinking  progressed ;  but 
after  the  experience  acquired  in  sinking  the  first  pier,  the  division 
into  separate  caiasons,  and  the  wooden  curb,  having  been  found 
uweless  complications,  they  were  dispensed  with ;  the  four  caissons 
were  strongly  bolted  together,  thus  forming  but  one,  with  three 
internal  partitions,  in  which  man-holes  were  cut  to  facilitate  the 
movements  of  the  workmen,  and  the  pier  built  in  one  mass  of  con- 
crete on  top  of  the  caissons ;  the  rubbing  surfaces  being  faced  with 
hammer-dressed  dimension  stone. 

The  caissons  being  thus  placed  on  the  river  bed,  which  had  been 
levelled  off  to  receive  them,  and  the  pier  built  up  on  top  of  them, 
so  as  to  reach  above  the  surface  of  the  stream,  compressed  air  was 
forced  through  the  pneumatic  tubes  into  the  caissons,  and  the  water 
expelled. 

The  central  tube,  in  which  the  dredge  was  mounted,  extending 
through  and  below  the  caissons,  remained  full  of  water  at  the  same 
level  as  that  in  the  river.  Workmen  were  now  introduced  into  the 
caissons,  and  standing  upon  a  temporary  floor,  fastened  to  struts 
extending  from  side  to  side  near  the  bottom,  excavated  the  soil 
from  the  sides,  and  fed  it  under  the  edges  of  the  central  tube  to  the 
dredge,  which  raised  it  to  the  surface,  Avhence  it  was  conveyed  in 
boats  to  the  {jhore. 

As  there  were  thus  to  each  of  the  shore  piers,  four  dredges  and 
eight  pneumatic  tubes,  the  work  could  be  driven  very  fast.  The 
first  pier  was  put  down  in  fifty-five  working  days,  the  second,  profit- 
ing by  acquired  experience,  in  thirty-one;  the  third  in  twenty- 
five,  and  the  last  in  twenty-four  working  days.  The  two  latter 
being  the  intermediate  piers,  were  of  the  reduced  dimensions, 
were  formed  of  three  caissons,  and  had  therefore  but  three  dredges 
and  six  pneumatic  tubes. 

The  piers  were  all  put  down  to  a  uniform  depth  of  65  feet  i) 
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inches  below  low  water,  the  greatest  depth  worked  at  below  the 
stage  of  the  river  being  72  feet  9  inches,  and  tlie  greatest  pressure 
of  air  about  3  atmospheres. 

When  partly  down,  the  pressure  of  the  surrounding  soil  buckled 
the  sides  of  some  of  the  caissons.  This  had  been  provided  for ; 
masons  were  sent  down  into  the  inverted  caissons,  and  built  brick 
arches  between  the  sides,  so  as  to  take  up  the  thrust  against  them. 

In  order  to  have  still  water  to  work  in,  the  site  of  the  pier  was 
eii(;loiJed  in  sheet  piling,  and  so  as  to  carry  on  the  work  night  and 
day,  in  all  weathers,  a  shed  was  erected  over  the  works,  with  tw(> 
working  floors  or  stories  11  feet  6  inches  apart,  as  shown  in  the 
plate.  Traveling  crabs  traversed  on  the  upj)er  floor,  and  the  mate- 
rials were  brought  directly  to  the  work  by  a  double  track  railway, 
laid  on  a  temporary  wooden  bridge. 

The  air  compressing  engines  were  five  in  number,  of  seventy- 
.^'■ven  aggregate  horse-power,  and  were  placed  ujion  boats  on  one 
.-ide,  while  the  other  was  reserved  for  the  dredge  boats.  The  lour 
t  hedges  were  worked  by  two  steam  engines,  each  of  ten  horse- 
power, erected  upon  the  upper  working  floor.  The  dredge  buckets 
extending  below  the  bottom  of  the  tube  in  which  they  worked,  ex- 
<  avated  a  hole  beneath  the  lower  edges  of  the  caissons,  into  which 
It  was  easy  to  push  the  materials  excavated  by  the  workmen  along 
the  sides.     The  cubic  contents  extracted  (4003  cubic  yards  on  the 

erage),  varied  from  1'63  to  1*72  times  the  actual  cubic  contents 
displaced  by  the  pier,  while  in  the  tube  process,  three  times  the 
cubic  contents  has  fre<'[utmtly  to  1)e  extracted. 
P  The  chimney  of -1  feet  11  inches  diameter  having  been  found  too 
rt'stricted  to  work  the  dretlges  successfully,  the  iron  tubes  were  dis- 
pensed with  above  the  top  of  the  caissons,  alter  the  first  pier,  and 
an  oval  brick  chimney  built,  7  feet  6  inches  by  4  feet  10  inches,  for 
the  dredge  to  work  in.  Similar  brick  rims  were  built  a  few  inches 
Irorn  the  pneiimatic  tubes,  to  preserve  them  from  contact  with  the 
concrete,  so  that  they  could  be  removed  by  divers  after  the  pier  was 

Ilk  to  the  intended  de})th. 

In  order  to  regulate  the  descent  and  prevent  lurches,  the  suspen- 
sion chains,  whii-li  were  fastened  to  the  b(»ttom  of  tiie  caissons,  vyere 
I' iigthcned  I'rom  time  to  time,  and  fed  down  gradually  by  screws 
worked  by  ratchet  levers  at  top,  as  fast  as  the  undermining  of  the 
p>ier  proceeded.  The  masom-y  was  V)uilt  so  as  to  kecji  the  weight 
luit  slight  Iv  in  excess  of  that  required  to  overcome  the  friction,  and 
V -1.    LVl -Third  ,StuiKr>.     No   1.— Jli-y,  IbtiS.  4 
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within  the  power  of  the  screws  to  sustain.  Thus,  at  the  beginning 
of  the  operation  of  sinking  the  pier  next  to  the  Baden  shore,  the 
state  of  equilibrium  was  as  follows : 

Depth  of  immersion  of  caissons  below  the  water,  which  was  on  that 

day  6-72  feet  above  low  water  18-23  feet. 

Depth  of  penetration  into  sand 7-67     " 

lki>;ht  of  masonry  above  roof  of  caissons 15"15     " 

The  water  boing  expollod,  the  liftinjj;  reaction  was.   2,240,808  pounds. 
And  llio  load  to  overcome  it  and  the  friction  was...  4,(J49,->23       *' 

When  this  pier  was  put  down  to  depth,  the  equilibrium  was  as 
follows: 

Depth  of  immersion  (water  4-75  above  low  water) 70-45  feet. 

D<'j)tli  of  penetration  into  sand 40-37     " 

lIcii;htof  masonry  above  roof  of  caissons 47-82     " 

The  reaction  of  the  coMipresscd  air  was 7,345,102  pounds. 

And  the  load  to  overcome  it  and  the  friction  was.  .14,757,328       " 
The  rubbing  surface  in  contact  with  the  sand  was...O,()G(i  square  feet. 
And  tile  useful  load  to  overcome  friction  707  pounds  per  square  foot. 

Theoretically,  the  friction  should  increase  as  the  square  of  the 
«K'})t]i,  but  an  examination  of  the  daily  journal  of  sinking  and  equi- 
lihjium  kept  at  llieKehl  bridge,  from  which  the  above  is  extracted, 
as  well  as  recent  experience  in  some  of  our  western  rivers,  show 
that  this  is  not  strictly  the  case,  and  that  considerable  discrepancies 
are  caused  by  the  variations  in  the  character  of  the  materials  pene- 
trated, the  natural  arches  sometimes  formed  by  the  soil,  and  the 
difference  between  its  friction  of  rest  and  friction  of  motion. 

It  will  be  noted  that  about  one-half  the  useful  effect  of  the  weight 
was  absorbed  by  the  reaction  of  the  compressed  air,  which  was  to 
that  extent  a  detriment  in  sinking,  while  its  use  required  powerful 
and  complicated  machinery,  and  added  materially  to  the  expense. 
The  cost  of  excavating  the  materials  with  the  dredges,  was  $3.84 
per  cubic  yard,  a  material  reduction  over  the  cost  in  tubes,  yet  much 
more  than  it  would  be  in  open  air.  The  chief  value  of  the  com- 
pressed air  lay  in  the  command  it  gave  over  the  removal  of  obsta- 
cles, of  which  few  fortunately  were  found  in  sinking.  Two  logs ' 
were  met  with  under  one  pier,  which  were  readily  cut  through,  some 
brush-wood  under  another,  some  iron  anchors  were  also  found,  and 
at  a  depth  of  forty-seven  feet  below  low  water,  links  of  a  chain, 
large  nails,  part  of  a  horse-shoe,  a  knife,  pieces  of  cast  iron,  &c. 

The  abutments  were  founded,  by  dredging  in  the  open  air,  a  pit 
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to  :i  (loptli  of  thirty-nine  feet  below  low  water,  allowing  the  mate- 
rial to  assume  its  own  slope,  sliding  a  wooilon  caisson  into  position, 
filling  it  with  concrete,  and  rip  rapjiing  outside.  These  abutments 
<-,irry  the  turn-tables  of  the  pivot  bridges,  one  leg  of  each  of  which 
extends  over  the  stream,  and  the  other  over  the  land. 

In  order  to  save  the  very  considerable  weights  of  iron  in  the 
caissons,  M.  Fleur  St.  Denis  had  proposed  a  further  modification  of 
his  process,  which  consisted  of  making  the  caisson  practically  a 
diving  bell  lowered  down  through  sand  instead  of  water.  He  pro- 
])0sed  to  force  it  down  by  loading  it  with  sand  and  water  instead  of 
the  masonry  of  the  pier,  and  after  the  desired  depth  was  attained,  to 
build  the  pier  vender  the  caisson  in  compVessed  air,  gradually  unload- 
ing and  raising  the  latter  as  fast  as  each  course  was  laid.  This, 
although  not  impracticable,  was  thought  to  present  such  numerous 
cliances  of  accident  and  delay,  that  it  was  not  adojited,  and  it  was 
]»referre(i  to  carry  out  the  original  designs  in  which  the  caissons 
were  allowed  to  remain  under  the  masonry  of  the  pier,  and  were 
filled  with  concrete  as  soon  as  the  desired  penetration  was  reached. 

Notwithstanding  this  rapid  method  of  putting  in  foundations,  the 
bridge  was  a  considerable  time  in  building.  Work  was  started  in 
July,  1858,  the  operation  of  sinking  the  first  foundation  was  beam 
in  March,  ]8.')9,  and  the  bridge  opened  to  the  public  in  April,  18(51. 

The  cost  of  the  Kehl  bridge  was  as  follows: 

Cir:iilinij,  drodi^ini;,  and  prpparinj^  working  yard? $  .Vl.?:!.'") 

TiMn|)<irjiry  hridixo  iind  scatt'oldings 1  |s,s  lo 

Fi)iiiulnti<tn  and  iiiiisniiry  of  slion;  [>ier,  Fronc-h  side .  1  ll,:!<;  ) 

"               "             "                 "             Madcn       "  11 7,  ISO 

"               "             "         inter.        "      French     "  n:;,!l.!(t 

"               "             "           "            "      Hiidon       "  02,07  » 

"               "             "        French  Abutment It4,l.'i0 

"                 "               "          IJaden            "            I  10, 4. SO 

Accocsory  wirk*.  river  landin-^s.  &,c 27,ltiiO 

(li-neral  expenses  nnd  siiji'Tintendence .">;5.'.l|r) 

In.n  superstructure  for  doublo  track  railway  bridge .'?2"),-')(:() 

Total  cost $l,30l!,(M)0 

Which  is  of  course  very  expensive  for  a  bridge  771  feet  long 
between  abutments,  or  taking  into  account  tlie  legs  of  the  two  draw- 
bridges which  proje(^,t  over  dry  land,  10 lo  feet  over  all. 

'V\\Qi  mode  of  founding  adopted  nt  the  Kehl  bridge,  was  thus  the 
'•rigin  of  an  important  iniprov  jnient  in  the  pncnniatii'  process.     It 
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sulistitnted  one  single  mass  of  masonry  for  isolated  columns,  anil  thus 
addeil  mucli  to  the  stal)ility.  It  made  the  weight  of  the  i)ier  useful 
in  sinking,  so  that  it  could  be  built  simultaneously  with  the  excava- 
tion of  the  foundation,  and  substituted  dredges  for  the  former  tedious 
and  expensive  mode  of  raising  the  excavated  materials  in  bags  or 
boxes.  At  every  bridge  where  it  has  since  been  applied,  its  cost  has 
been  less  than  that  of  tubes  gi  ving  the  same  area  of  base,  while  its  per- 
manency must  be  greater,  and  the  cost  of  repairs  less  than  those  of 
any  supports  relying  upon  metallic  envelopes.  It  can  be  applied 
e(iually  well  to  the  sinking  of  stone  columns  surmounting  a  round 
pneumatic  caisson,  and  in  some  instances  where  companies  had  pre- 
viously supplied  themselves  with  tubes,  these  were  altered  so  as  to 
be  sunk  by  tiie  modified  process  with  advantage. 

Voulle  Bridge.     At  the  bridge  over  the  Ehone,  at  La  Voulte,  the 
experience  ac(|uired  at  Keid  was  utilized  as  follows: 

The  working  chamber,  instead  of  being  divided  into  several 
compartments  or  independent  caissons,  was  composed  of  a  single 
inverted  caisson  ^''gths  thick,  and  8  feet  6  inches  high.  In  order  to 
permit  the  height  of  the  masonry  to  be  adjusted  at  all  times  to  the 
weight  required,  the  working  chatuber  was  surmounted  with  a 
coft'er-dam  or  iron  caisson  ,^gths  thick,  carried  up  above  low  water, 
inside  of  which  concrete  was  poured.  Tiie  materials  were  e.Kcavated 
by  a  single  dredge,  j>laced  in  the  centre,  and  the  workmen  went  in 
and  out  through  two  air  tubes. 

The  pier  was,  as  at  Kehl,  suspendwl  to  lowering  screws,  which 
regulated  its  descent. 

(To  be  continued.) 


SUEZ  CANAL-SUPPLEMENT. 

15  V  ClIAS.    \l.    KorKWKLK. 

TilK  follouiiig  c^ilnlations  were  made  by  M*>7)s.  Lavallcy,  with 
regard  to  tin-  lime  which  will  be  rc»|uinMl  to  (ill  up  tlu*  iiiuiKMisc 
area  known  as  the  "Basin  of  the  Bitter  Lakes."  TIk^  oxtrcme 
length  of  this  depression  is  about  22  miles,  varying  in  width  from 
2 J  to  o  miles.  The  maximum  depth  is  about  86  feet  below  the  sea 
level.  This  basin  is  now  dry,  and  has  been  so  from  the  time  of  the 
earliest  tnulitions.  The  bottom  is  now  covered  with  a  deposit  of  salt, 
from  6  to  20  inches  in  thickness,  and  the  formation  of  the  country 
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shows  <.'OiK;lnsively  that  this  was  loi-iiirrlv  tin'  hcail  of  the  R»'il  Sea, 
and  Mons.  de  Lesseps  briiiirs  strong  argvinieuts  in  snpjx>rt  of  tlie 
i'l'\a,  that  here  was  the  point  of  crossing  by  the  Israelites,  under  the 

lidance  of  Mosas  and  Aaron. 

The  surface  area  of  this  Basin  is  170  million  square  metres;  its 
cubic  capacity  is  a  thousand  million  cubic  metres.  The  Mediterra- 
nean end  of  the  Canal  will  soon  be  so  far  advanced  as  to  give  a 
cross-section  equal  to  200  square  metres.  This  with  a  curnMit  of  11 
inches  per  second  will  deliver  a  volume  of  more  than  live  million 
metres  per  day.  An  allowance  of  a  million  and  a  half  cubic  metres 
per  day  is  made  for  eva})oration,  ami  a  total  allowance  of  six  hun- 
dred million  cul)ic  metres  for  loss  by  satiirati«ui — at  the  rate  of  three 
cubic  metres  for  each  sf[uare  metre  of  the  bottom.  At  this  rate  about 
b  10  days  will  be  required  for  filling.  But  the  Suez  end  of  the  Canal 
will  be  so  far  finished  before  this  period  has  ela|)sed,  as  to  bring 
in  about  two  million  cubic  metres  per  day,  from  the  lieil  Sea;  which 
will  reduce  the  time  .to  250  days. 

The  capacity  of  Lake  Timsah  is  about  eighty  million  cubic  metres, 
and  the  water  from  the  Mediterranean  has  been  ilowing  into  this 
lta>m  since  December,  ly()(.). 

'^IMie  greatest  depth  here  is  about  twenty  feet  below  the  sea-level. 
This  was  formerly  a  fresh  water  lake,  supplied  ])y  the  overflow  of 
tlie  Nile,  but  has  been  entirely  dry  for  ages.  Ilene«'fortli,  it  will 
!'<:  a  saltwater  basin,  sui)plied    I'lom   the  sea  at  either  end  of  the 

I  .iiial. 

The  town  of  Ismailia,  on  the  kankof  the  lake,  has  already  a  |i<.|i 
Illation  of  4000  inhabitants. 

The  following  facts  may  aid  us  in  forming  some  idt-a  of  the  pos 
sible  or  prolxibh^  r<;venues  of  the  Sue/.  Canal. 

Aiiout  three  million  tons  of  shipping  now  aniiMallv  double  the. 
'    .[»e  of  Good  II(»pe,  engaged  in  the  trade  between  China  and  India, 

II  the  Kast,  and  Kuro|»c  and  this  country,  in  the  West. 

'IMie  rate  of  freight  by. railway  bc^tween  Ale.\an<lria  ami  Sue/,,  is 
now  from  70  to  200  francs  ptsr  ton,  aeeording  to  its  classilieation,  Tlii> 
T'ldnsular  and  Oriental  Company,  ami  the  Me.ssageries  Imperiales 
I  :iy  about  half  these  rates.  The  last  named  company  •.iw  now  send 
ing  their  coal  through  the  Canal  at  a  cost  of  about  21  francs  per 
•I,  and  at  2')  francs  per  ton  for  heavy  mendtandize. 

The  .saving  in  distance  between  the  route  around  the  Cape  ol 
' '  >od  Hope,  and  through   the  CauaJ,  is  shown  in  the  table  below. 
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Tlie  Ishmtl  ol'  Ccvloii  is  cliosen  lor  tlic  easti^ru  toriuiims,  in  tlicsc 
culculatiuns,  as  rc[)rcsciitiiig  a  })(>iiit  oi'  moan  distance  in  the  Asiatic 
seas. 


Distance  in  (Jrapliic  Miles. 


By  Cape. 


Ldiulon 

.M:iis<'ill<-s.. 

Trieste 

New  York. 


1  ».:5I0 
n. -):)() 
l'.,4S0 
1 5,r)0i) 


By  Suez. 


7,300 
5,4!)0 
f.,'220 

n,4()0 


Per  cent,  of 
yuvinir. 


Gli 
05 
40 


The  original  capital  of  the  coni])an3^  was  two  hundred  million 
francs  in  four  humlred  tlioiisand  shares. 

As  subscribed  for  in  November,  IboS,  they  were  distributed  as 
follows: 

France 207,0^)0  shares. 

Eirypt '.i(;,(  00  " 

Austria ni/OO  " 

Kiissia 24,001)  " 

Krinland 5,0i  0  " 

United  States 5,0(jO  " 

Spain 4,tH)0  " 

Netherlands 2,000  " 

All  other countrii.'s 0,000  " 

400,000  shares. 
'V\\<i  viceroy  of  Egypt  now  owns  about  177,000  shares. 

RKCKIPT.S    OF    TIIK    SUK7.    CANAL. 

1st  Quarter;  1807 2^)0, MO  francs. 

-<i         '*  "     li(i2.7.V2 

:^'l        "         "    ::oo,:;:i1        " 

•Ith        "  "    474,.V.)7 

1st        •'         lt<OS 514, '.101  " 
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CORNISH  PUMPING-ENGINES. 

This  class  of  engine  is  especially  interesting  on  account  of  its 
suj)erior  economy  of  fuel.  The  conditions  involved  by  which  its 
])re-eniinciice,  in  this  regard,  has  been  attained,  may  be  looked  for 
in  the  following: 

1.  The  high  degree  to  which  expansion  may  be  advantageously 
employed. 

2.  The  unfettered  state  of  the  piston,  allowing  celerity  of  action. 

3.  The  saving  of  steam  from  loss  by  clearance,  and  steam 
passages. 

4.  The  isolation  of  the  working  end  of  the  steam  cylinder  from 
the  cooling  influence  of  the  condenser. 

5.  The  turning  to  direct  account  of  the  vis  viva  of  the  moving 
masses  of  the  machine.  Another  source  of  economy  is  directly 
traceable  to  the  use  of  the  "  Steam  Jacket,"  an  invariable  adjunct  to 
this  class  of  engine. 

Presuming  that  the  reader  is  already  acquainted  with  the  pecu- 
liar construction  of  the  Cornish  pumping  engine,  and  its  manner  of 
operation,  the  classified  points  of  merit  will  next  be  reviewed.  "  The 
high  degree  to  which  expansion  may  be  advantageously  em])loyed, 
in  connection  with  the  unfettered  state  of  the  piston,  allowing 
celerity  of  action,"  is  peculiarly  adapted  to  the  purpose  of  pumping 
water.  Steam  is  admitted  at  the  commencement  of  the  stroke ;  up 
to  the  point  of  cut-off,  the  velocity  of  the  weight  is  uniformly  ac- 
celerated ;  the  momentum  acquired,  together  with  the  force  given 
out  by  the  expansion  of  the  steam,  carries  the  piston  to  the  end  of 
its  stroke,  when  the  resistance  and  pressure  will  coincide 

In  the  out-stroke,  the  weight  of  the  pump-plunger  descends  with 
a  constant  resistance,  and  consequently  with  a  uniformly  augmented 
velocity,  and  the  momentum  acquired  is  again  stored  up  at  the  end 
of  the  stroke,  in  the  steam  contained  above  the  piston,  to  be  made 
available  in  the  return  stroke.  Now,  expansion,  if  carried  to  any 
considerable  extent,  necessitates  the  use  of  a  high  pressure  of  steam ; 
its  extended  ap})lication,  therefore,  to  a  rotative  pumping  engine,  is, 
strictly  sjjcaking,  nc^t  admissible,  owing  to  the  varying  speed  given 
out  by  the  steam  expanding  from  a  high  initial  prcsi^ure,  to  the  luw 
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degree  at  wliioli  the  tiTiiiiii:il  pro.-sure  should  be  brought,  having 
economy  in  view.  Tliis  vuriation  of  i)ressure  must  be  highly  inju- 
rious, especially  where  the  load  is  not  susceptible  of  acquiring  mo- 
montum,  as  is  the  case,  to  a  considerable  extent,  in  pumping  water. 
From  this,  it  will  be  seen,  that  a  steam-engine  designed  for  driving 
Miill  shafting,  or  other  rotating  machinery,  where  a  uniform  speed 
of  revolution  is  necessary,  would  be  entirely  misapplied  if  put  to 
piuiiping  water.  In  the  first  case,  a  uniform  spee<l  of  fly-wheel  is 
indispiuisable,  while  in  the  latter  a  uniform  sjjced  of  piston  is  required, 
extremes  which  never  can  be  produccni  in  connection.  As  a  conse- 
(jucnce,  then,  the  fly-wheel  must  either  govern  the  motion  of  the 
]>ump,  or  else  the  jnimp  must  govern  the  motion  of  the  fly-wheel, 
antl  the  latter,  to  be  of  any  use  at  all,  must  be  heavy  enough  to  carry 
the  engine  over  its  centres,  when  running  at  a  low  rate  of  speed.  In 
order  to  do  this  efloctually,  it  must  possess  so  much  weight  as  inva- 
riably to  make  subsecutive,  the  primary  object  aimed  at.  It  is 
true  the  emi)loyment  of  a  heavy  fly-wheel,  counteracts  to  a  certain 
extent,  the  varying  f»ressure  of  the  expanding  steam  ;  but  the  suc- 
cession of  shocks  given  out  to  the  piston,  by  the  admission  of  the 
steam,  and  its  attenuated  power  at  the  end  of  the  strokes,  tells  heavily 
u]i.)n  the  engine,  in  spite  of  the  fly-wheel's  modifying  efiect.  And 
a  tendency  to  break  down  can  only  be  avoided  by  making  the  engine 
very  heavy,  and  consequently  expensive. 

The  evil  eftects  of  the  irregular  action  of  the  pump  plunger,  can 
also  be  partially  averted,  by  the  use  of  a  large  air-vessel;  a  reser- 
voir into  which  any  excess  of  water  delivered  by  the  pump  when 
working  at  its  maximum  velocity,  is  stored  up  to  be  given  out 
again,  when  the  pump  is  at  its  minimum  speed,  or  passing  its  centres. 
The  irregularities  and  internal  struggles  may  be  nicely  smoothed 
over  to  the  eye  of  the  superficial  observer,  by  the  devices  just  de- 
scribed, but  they  will  nevertheless  exist  to  a  damaging  extent,  and 
become  manifest  in  due  time  in  the  matter  of  costly  repairs,  and 
ht-avy  coal  accounts. 

We  now  pass  to  "the  saving  of  steam  iVojn  loss  by  clearance  and 
stcain  J  tassages,  and  the  isolation  of  the  working  end  ofthe  steam  cylin- 
der from  the  cooling  influence  of  thecondenser."  In  the  Cornish  engine, 
that  end  of  the  steam  cylinder  where  the  steam  is  admitted  from  the 
V)oiler,  never  has  any  communieation  with  the  condenser.  Steam 
bein;^  admitted  at  the  commencement  ofthe  stroke,  follows  the  piston 
up  to  the  point  of  cut  off'.     The  balance  of  the  stroke  is  completed 
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by  the  combined  aid  of  expansion,  and  tlic  momentum  acquired  by 
the  mass  of  material  set  in  motion.  The  steam  is  then  allowed  to 
pass  freely  from  one  side  of  the  piston  to  the  other,  producing  an 
(Njuilibrium  of  eflect,  during  the  out  stroke.  Before  the  piston 
arrives  at  the  point  of  commencement  again,  the  equilibrium  valve 
is  closed,  shutting  in  a  quantity  of  steam  before  it.  It  is  evident 
that  by  means  of  this  cushioning,  the  loss  from  clearance,  and  steam 
])orts,  is  rendered  practically  nothing,  if  the  steam  so  compressed  be 
equal  to  the  initial  pressure.  'I'he  piston  is  thus  gradually  brought 
to  a  neutral  state  at  the  end  of  the  stroke,  when  the  exhaust  valve 
ojwns  a  communication  between  the  o^^posile  side  of  the  cylinder, 
and  the  condenser  onli/. 

This  is  very  different  in  all  other  descriptions  of  steam  engines, 
whore  heat  is  abstracted  at  every  single  stroke  from  the  metal  of 
llie  cylinder,  by  the  chilling  influence  of  communication  between  it 
and  the  condenser,  which  lowering  of  temperature,  must  be  raised 
again,  at  the  expense  of  the  entering  steam.  A  certain  quantity  ol" 
heat  passing  thus,  at  each  stroke,  from  the  boiler,  through  the  cylin- 
der to  the  condenser,  without  contributing  in  any  manner  to  the 
performance  of  work.  And  this  effect  is  increased  directly  by  a 
I'urther  liquefaction  of  the  expanding  steam,  above  that  due  to 
the  loss  by  expansive  working,  the  very  presence  of  such  an  addi- 
tional amount  of  condensation  inci'easing  at  once  the  evil. 

The  next  point  to  be  considered,  is  "the  turning  to  direct  account 
of  the  vis  viva  of  the  moving  masses  of  the  machine."  It  would  be 
paradoxical  to  suppose  that  more  power  could  be  given  out  by  a 
moving  weight,  than  the  original  force  which  created  it.  And  it 
has  been  urged  that  nothing  can  be  obtained  from  the  momentum 
of  the  swinging  masses  of  the  beams,  and  heavy  punqi-trcc,  and 
balance-bob,  more  than  a  mere  return  of  the  force  that  started  it  in 
motion.  Such  an  argument  is  perfectly  valid.  And  all  we  claim 
for  the  Cornish  engine  is,  that  such  a  return  is  faithl'ull}'  ma<le, 
which  is  not  the  case  with  any  other  description  of  engine.  One 
of  the  most  important  features  in  the  Cornish  engine,  and  on  which 
depends  its  successful  operation,  is  to  proportion  the  gravity  of  the 
moving  mass  in  strict  accordance  with  the  point  at  which  the  steam 
is  to  be  cut  off  A  neglect  of  this  invariable  necessity,  rendered  the 
first  Brooklyn  ])umping  engine  a  conq)leto  and  costly  lailure. 

When  the  steam  is  first  admitted  to  the  piston,  the  force  is  much 
greater  than  is  required  to  raise  the  heavy  weight  of  the  })uinp 
Vol.  LVI.— TuirdSeriks— No.  1.— Julv,  1808.  G 
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plunger,  consequently  a  very  rapid  motion  is  imparted,  and  the 
piston  will  be  carried  to  the  end  of  its  stroke,  by  the  acquired 
momentum.  Although  the  pressure  is  not  sufficient,  near  tlie 
end  of  the  stroke,  to  balance  its  weight,  the  potential  energy  is  gra- 
dually converted  into  actual  work,  until  the  end  of  the  stroke,  when 
it  should  be  entirely  exhausted,  the  terminal  pressure  will  then  just 
equal  the  load  and  back  pressure.  As  a  further  proof  of  the  advan- 
tage of  a  heavy  moving  mass,  it  has  been  found  in  practice,  that 
*'  Bull  Engines  "  are  invariably  inferior  in  duty  to  the  beam  variety, 
and  that  the  latter  description  vary  in  their  duty  in  proportion  to 
the  amount  of  metal  distributed  in  the  moving  parts. 

No  such  advantage  as  the  above  can  accrue  to  the  rotative  engine ; 
for  whatever  momentum  the  piston  and  its  connections  may  pos- 
sess at  the  end  of  the  stroke,  is  entirely  lost,  being  expended  on 
the  crank-pin,  at  the  dead  point,  where  no  pressure  whatever  could 
]->roduce  any  good  effect. 

Neither  can  any  such  results  be  obtained  from  the  variety  of 
direct  acting  steam  pumping  engines,  from  the  simple  fact  that  the 
steam  cannot  be  used  expansively  to  anything  like  the  beneficial 
extent  afforded  by  that  principle.  The  terminal  pressure  must  in- 
variably be  fully  equal  to  the  load,  or  the  pump  will  come  to  a  dead 
stand.  It  would  be  exceedingly  difficult,  in  practice,  to  maintain 
the  initial  pressure  precisely  at  a  certain  point.  And  in  order  not 
to  fall  below  it,  knowing  the  consequence,  the  disposition  would  be 
to  carry  an  excess  of  steam  above  that  necessary  to  perform  the 
work ;  whicli  excess  of  potential  energy  will  be  discharged  at  each 
stroke  into  the  atmosphere,  or  condenser,  the  engine  being  high  or 
low  pressure.  The  last  feature  of  presented  economy,  is  to  be  found 
in  the  use  of  the  "  steam  jacket,"  a  casing  of  cast  iron,  enveloping 
the  steam  cylinder,  having  an  annular  space  between  the  two  of 
about  one  inch,  which  space  is  constantly  supplied  with  steam  from 
the  boilers,  maintaining  the  temperature  of  the  metal  of  the  cylin- 
der to  an  extent  preventing  the  liquefaction  of  the  steam  working 
expansively  within  the  cylinder. 

When  work  is  done  by  expansion,  heat  must  necessarily  disap- 
pear and  manifest  itself  in  a  fall  of  temperature,  producing  lique- 
I'action;  the  rate  of  expansion  being  duly  accompanied  by  a  corres- 
ponding fall  of  temperature.  Steam  becomes  liquid  in  a  naked 
cylinder,  simply  by  the  heat  passing  off  to  the  outside  air,  and  the 
effect  is  indirectly  increased  by  the  extent  of  saturation  produced 
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iu  expansive  working,  as  moist  steam  being  a  better  conductor  of 
heat  than  dry,  parts  with  its  heat  more  rapidly  to  any  neighboring 
conducting  material  of  a  lower  temperature.  It  is  not  by  the  addi- 
tion of  a  steam  jacket  that  the  evil  of  condensation,  attendant  upon 
the  rate  of  expansion,  can  be  averted,  as  this  will  necessarily  take 
[)lace  from  the  constancy  of  natural  laws;  but  the  liipiefactioii  will 
take  place  in  the  steam  jacket,  instead  of  the  cylinder,  with  entirely 
different  results.  Condensation  in  the  former  case  can  do  no  serious 
harm;  for  instead  of  being  lost  in  the  condenser,  and  carrying  off 
heat,  it  is  returned  to  the  boilers  by  a  return  pipe,  proceeding  from 
the  bottom  of  the  jacket. 

From  the  results  of  extended  practical  observation  of  the  duty 
develoi)ed  by  the  various  descriptions  of  English  pumping  engines, 
the  Cornish  stands  pre-eminent  for  its  remarkable  economy ;  the 
duty  in  one  case,  having  amounted  to  130,000,000  pounds  oi"  water 
raised  one  foot  high  by  112  jjounds  of  coal.  Future  developments 
looking  to  an  increased  rate  of  economy,  may  be  looked  for  in  the 
possible  adaptation  of  the  compound  principle  applied  to  the  Cornish 
type. 

W.  M.  HENDERSON, 

Hydraulic  Ewjineer. 

Philadelphia^  May  9th,  1868.  ^ 


PATENTING  A  PRINCIPLE. 

(Concluded  from  page  41-1.) 

It  is  uinicccssary  io  go  through  all  the  cases  in  the  English  books 
to  which  this  explanation  applies.  One,  which  was  determined  by 
our  own  Supreme  Court,  deserves  to  be  noticed  here,  especially 
because  it  was  considered  at  the  same  term  with  O'Reilly  y.  Morse, 
and  both  must  have  been  together  in  the  minds  of  the  judges — 
that  of  Winans  v,  Dennacad,  15  How.  330.  The  plaintiff's  inven- 
tion consisted  in  constructing  coal-cars  in  the  form  of  the  frustum 
of  a  cone.  The  defendant's  cars  were  octagonal  instead  of  circular, 
but  otherwise  resembled  the  plaintift''s.  One  of  the  judges  inclined 
to  the  opinion  that  the  plaintiff  was,  by  the  terms  of  his  patent, 
limited  to  the  j)reeise  form  he  had  described,  and  could  have  no 
remedy  against  others  who  used  a  different  one.  It  was  shown 
that  there  was  no  practical  difference  between  the  two;  but  either 
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would  derive  especial  strength  from  the  rneohanical  law  involved. 
And,  though  the  plaintiff's  claim  was,  in  express  terms,  to  the 
frustum  of  a  cone ;  though  he  did  not  pretend  to  claim  the  me- 
chanical law  thus  applied,  the  defendant  was  held  to  have  violated 
his  patent.  This  could  not  be  on  the  ground  that  the  principle  of 
mechanics  was  patented.  It  must  have  been  on  the  ground  that 
the  form  ado])ted  by  the  defendants  was  a  mere  equivalent  ibr  that 
of  the  plaintiff^ 

It  may  be  said  that  what  have  been  designated  as  mechanical 
laws  in  the  preceding  pages,  arc  in  truth  laws  of  nature,  physical 
just  as  much  as  the  properties  of  matter,  and  that  the  two  classes 
run  into  each  othep,  so  that  no  distinction  can  be  made  between 
them.  It  is  not  necessary  to  insist  that  there  may  be  in  theory. 
In  practice,  there  is  a  radical  diflcrence  which  fully  justifies  their 
being  considered  as  belonging  to  two  classes.  In  the  case  of  in- 
ventions founded  on  what  have  been  termed  mechanical  principles, 
the  patentee  obtains  full  protection  in  the  exclusive  enjoyment  of 
the  principle  by  being  allowed  an  action  against  every  one  who 
uses  an  equivalent  for  his  device.  No  machine  can  be  constructed 
on  the  principle  of  his  which  does  not  embrace  such  equivalents. 
It  may  not  be  so  where  the  novelty  of  the  invention  consists  in 

fmQ  property  of  matter  first  brought  to  light  by  the  patentee, 
eilson's  patent  covered  the  use  of  a  vessel  for  heating  air  placed 
be'tween  the  blower  and  the  furnace — not  the  introduction  of  heated 
air  into  the  furnace,  which  was  truly  his  discovery.  If  any  one 
could  have  contrived  to  heat  the  air  sufficiently  before  it  entered 
the  blower,  he  might  have  availed  himself  of  Neilson's  discovery 
with  impunity.  The  difficulty  of  doing  this  constituted  the  whole 
strength  of  his  patent.  Anybody  might  have  availed  himself  ol" 
the  quality  of  lead  discovered  by  the  Tathains,  if  he  could  have 
got  up  a  machine  of  a  different  construction.  It  is  very  possible 
that  the  courts  may  give  a  larger  range  to  the  doctrine  of  equiv- 
alents, in  order  to  secure  to  the  discoverer  of  a  new  physical 
property  an  ade(j^uate  reward  for  his  ingenuity.  Thus  far,  it  is 
only  as  the  defendant  has  been  found  to  have  employed  mechanical 
equivalents  for  the  construction  specified  by  the  patentee,  that  he 
has  been  held  guilty  of  infringement,  or  the  patentee  has  obtained 
protection. 

There  are  a  few  other  cases  upon  this  subject  which  are  not  open 
to  the  explanation  given  to  those  heretofore  mentioned,  and  which 
may  be  thought  to  require  a  passing  notice. 
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Tlie  plaintitl'  in  Forsyth  o.  liivicrc,  i  W.  P.  C.  97,  iifter  describing 
ill  his  specification  the  explosive  compounds  emi)loyed  by  him  in 
i-niting  tlie  cluirgc  in  fire-arms,  added:  "I  do  not  lay  claim  to  the 
invention  of  any  of  the  said  compounds,"  &c.,  "my  invention  in 
ivgard  thereto  being  confined  to  the  use  and  application  thereof  to 
ilie  i)urposes  of  artillery  and  fire-arms  as  aforesaid.  And  the  man- 
ner of  prinung  and  exploding  which  I  use  is,"  &;c.,  proceeding  to 
describe  it.  There  was  no  specification  of  claim.  It  is  manifest 
that  this  patent  was  for  the  method  he  employed.  It  is  true  that 
the  reporter  says  the  defendant's  lock  was  constructed  difterently ; 
but  he  docs  not  furnish  the  slightest  intimation  in  what  respect  it 
varied.  The  note  of  the  case  is  very  short  and  unsatisfactory.'  The 
rejiort,  bearing  the  same  title  in  Chit.  Pr.  C.  182,  is  upon  another 
j)oint  entirely.  But  from  the  statement  of  the  counsel  in  Minter  v. 
Wells,  W.  P.  C.  128,  we  learn  that  all  the  dificrence  between  the 
locks  was  this :  in  the  patentee's  the  hammer  struck  the  pan  con- 
taining the  composition,  and  in  the  defendant's  the  pan  struck  the 
hammer. 

No  one  can  read  the  patent  of  the  plaintiff"  in  Hall  v.  Boot,  1  W. 
i\  C.  100,  without  perceiving  that  he  laid  claim  to  his  machinery 
when  used  in  connection  with  gas  flame.  There  was  no  positive 
evidence  what  machinery  the  defendants  used,  it  is  true;  but  this 
does  not  warrant  the  inference  that  the  court  recognized  the  plain- 
tiff*'s  title  to  the  exclusive  use  of  gas  flame  with  any  machinery  for 
the  same  purpose.  There  was  circumstantial  proof  of  the  strong- 
est kind  that  the  defendant's  was  borrowed  from  the  plaintifl^'s,  and 
was  identical  with  it. 

The  claim  set  up  in  Booth  v.  Kennard,  1  Uurls.  &  N.  527,  was 
lor  "  making  gas  direct  from  seeds  and  matters  herein  named  for 
)>ractical  illumination,  or  other  useful  purposes,  instead  of  making 
it  from  oils,  resins,  or  gums  previously  extracted  from  such  sub- 
stances." Upon  the  trial  of  the  case.  Pollock,  C,  B.,  held  this 
claim  to  be  too  broad,  and  directed  a  verdict  for  the  dciendaiit. 
The  verdict  was  set  aside  in  the  Court  of  Exchequer  Chamber;  and 
from  the  report  it  would  certainly  seem  as  if  the  couil  considered 
the  patent  valid.  But  when  the  cause  came  on  for  trial  again  beibre 
Chief  Baron  Pollock,  he  said  that  the  court  had  decided  nothing 
more  than  this :  that  the  invention  "  was  one  which,  if  new,  might 
be  patented  if  properly  specified."  lie  added,  "we  are  also  of 
opinion  that  the  claim  is  too  large,  and  that  such  claim  cannot  be 
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supported."  Tliorc  was  a  verdict  lor  the  defendant  again.  But  as 
there  was  also  strong  evidence  upon  that  trial  that  the  invention 
was  not  new,  the  plaintiff  probably  deemed  it  unsafe  to  proceed  any 
further,  after  moving  that  a  verdict  should  be  entered  up  for  him, 
and  being  denied.  Little  or  no  reliance  is  manifestly  to  be  placed 
on  the  report  of  the  decision  in  the  Exchequer  Chamber,  after  the 
explanation  given  by  Chief  Baron  Pollock. 

The  plaintiff  in  Seed  v.  Iliggins,  8  Ell.  &  Bl.  755,  771,  and  6  Jur. 
N.  S.  126-1,  had  originally  taken  out  a  patent  for  the  application  of 
the  law  or  principle  of  centrifugal  force  to  the  particular  or  special 
purpose  above  set  forth  ;"  i.  e.  to  fliers  used  for  preparing,  slubbing, 
or  roving  cotton,  Ac,  so  as  to  produce  a  hard  and  evenly  compressed 
bobbin.  lie  afterwards  discovered  that  centrifugal  force  had  been 
employed  already  for  the  same  purpose,  though  by  different  means ; 
and  he  therefore  filed  a  disclaimer,  by  which  he  limited  himself  to 
the  mechanism  he  had  described  in  his  specification.  Upon  this  a 
a  question  arose  whether  his  patent  did  not,  when  thus  amended, 
appropriate  a  different  invention  from  anything  embraced  in  his 
original  specification,  and  was  not  therefore  void.  The  case  was 
very  fully  discussed  in  several  courts,  but  was  finally  decided  against 
the  plaintiff  upon  the  ground  that  the  defendant's  machine  was  no 
infringement  of  the  patent.  .In  the  course  of  delivering  their 
opinions  it  was  incidentally  mentioned  by  one  or  more  of  the 
judges,  that  the  defendant's  machine  came  within  the  purview  of 
the  patent  as  originally  framed.  But  there  was  no  opinion  ex- 
pressed throughout  as  to  the  validity  of  the  original  patent,  nor 
any  allusion  made  to  the  subject.  If  it  may  be  inferred  from  the 
silence  observed  respecting  it  that  the  validity  of  the  instrument 
was  admitted,  there  is  some  propriety  in  referring  to  the  case  when 
examining  this  doctrine.  It  will  probably  be  regarded  by  most  as 
of  no  weight  whatever. 

The  court  interpreted  the  second  claim  made  by  the  plaintiff,  in 
Bovill  V.  Keyworth,  7  Ell.  k  Bl.  724,  to  be  for  "  exhausting  the  air 
from  the  eases  of  the  millstones,  combined  with  the  application  of 
a  blast  to  the  grinding  surfaces."  Upon  this.  Lord  Campbell,  who 
presided,  remarked  as  follows,  viz. :  "  Still  if  the  specification  does 
not  })oint  out  the  mode  by  which  this  part  of  the  process  (No.  2)  is 
to  be  conducted,  so  as  to  accomplish  the  object  in  view,  it  would 
be  a  statement  of  a  ]iriuciple,  and  the  patent  would  be  invalid." 
lie  held  it  to  be  suificicnt,  however.     And  it  may  well  be  doubted 


Patenting  a  Principle.  39 

whether  it  was  fairly  open  to  the  objection  that  it  would  have  been 
for  a  principle  without  a  description  of  the  process,  though  such  a 
description  was  no  doubt  essential.  The  case  belongs  to  a  class 
which  has  been  often  supposed  to  involve  the  legality  of  patenting 
a  principle,  but  really  has  little  to  do  with  it.  A  blast  and  an  ex- 
haust are  two  mechanical  forces  as  well  known  as  a  stream  of  water 
or  as  steam.  Every  artisan  skilled  in  the  business  is  perfectly 
familiar  with  them,  and  knows  how  to  produce  them.  The  inven- 
tion in  this  instance  consisted  in  combining  the  two  so  as  to  pro- 
duce a  particular  effect.  After  dcscriljing  how  this  might  be  done, 
the  specification  defines  the  invention  as  consisting  in  the  combina- 
tion of  these  two  forces,  each  applied  to  a  particular  and  Avell 
known  mechanism.  In  all  this  we  see  nothing  like  patenting  a 
j>rinciple,  and  apprehend  there  was  no  foundation  for  the  remark 
of  his  Lordship.  He  may  have  had  an  idea  that  the  patent  woulil 
have  been  defective  in  not  specifying  some  visible  structure  as  the 
invention ;  but  that  is  very  different  from  patenting  a  principle. 
The  case  has  little  or  no  bearing  on  that  subject. 

From  this  discussion  and  examination  of  the  cases  the  following 
conclusions  are  legitimately  drawn : 

1.  Every  discoverer  of  a  new  and  useful  application  of  any  law 
of  nature,  any  quality  of  matter,  or  any  mathematical  principle,  is 
entitled  to  a  patent  for  it. 

2.  It  is  not  necessary  to  entitle  him  to  a  patent,  that  he  should 
have  been  the  first  to  search  out  and  make  known  the  law,  quality, 
or  principle  which  he  has  thus  applied.  And  his  having  Ijcen  the 
first  to  bring  it  to  light  adds  nothing  to  his  claims. 

3.  lie  will  be  protected  in  his  right  by  holding  as  infringements 
of  his  patent  all  mechanical  equivalents  for  the  devices  for  carry- 
ing his  discovery  into  efi'ect,  which  he  has  described  and  designateil 
in  his  specification  as  his  invention.  And  he  can  have  no  other 
protection,  even  though  the  principle  ho  has  ap})lied  was  first  dis- 
covered by  him. 

t.  No  one  can  legally  specify  as  his  invention,  and  take  out  a 
jKitcnt  for  the  exclu.sive  use  of  any  such  law,  quality,  or  j>riiiciple 
when  employed  for  the  same  purpo.so  as  his.  No  iiislancc  can  be 
found  where  any  such  patent  has  been  sustained,  and  they  have 
been  repeatedly  pronounced  invalid  by  the  courts. 

S.  11.  il. 
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NITRO-GLYCERINE:  ITS  CLAIMS  AS  A  NEW  INDUSTRIAL  AGENT. 

By  John  Mayer,  F.  C.  S. 

Notwithstanding  the  lamentable  occurrence  at  Newcastle,  in 
December  last,  resulting,  as  it  did,  in  the  death  of  seven  persons, 
and  notwithstanding  the  fact,  likewise,  that  nitro-glycerine  has  in 
three  or  four  instances,  in  America,  jiroved  itself  to  be  a  danger- 
ous compound  when  not  properly  dealt  with,  its  advantages  as  a 
blasting  agent  have  been  so  extensively  and  so  satisfactorily  demon- 
strated, during  the  last  three  years  or  so,  that  it  is  high  time  that 
industry  should  more  generally  step  in  and  claim  it  as  a  new  hand- 
maid which  science  has  placed  within  her  reach.  Already  on  the 
continent  of  Eurppe,  and  in  America,  this  remarkable  compound 
lias  established  its  claim  to  rardc  in  the  first  place  as  an  explosive 
agent;  and  it  is  the  object  of  the  present  article  to  examine  in  a 
scientific  and  dispassionate  manner  its  title  to  be  regarded  in  thnt 
light,  in  such  a  manner,  indeed,  as  shall,  we  hope,  form  a  marked 
contrast  to  the  wild  panic-stricken  editorials  which  were  so  numer- 
ous in  the  daily  and  weekly  newspapers  during  the  latter  half  of 
the  month  of  December  last.  There  would  have  been  less  need  for 
this  present  "corrective,"  if  certain  scientific  journals  had  not  also 
run  riot  immediately  after  the  Newcastle  explosion,  instead  of  show- 
ing that  their  guiding  minds  were  possessed  of  the  spirit  of  true 
scientific  acumen  and  a  desire  to  aid  industrial  progress  in  the  full- 
est sense  of  that  term. 

It  is  not  undesirable  to  refer,  although  very  briefly,  to  the  history 
and  manufacture  of  nitro-glycerine,  so  as  to  carry  our  readers  along 
with  us  intelligibly  to  the  conclusion  of  our  remarks, 

Nitro-glycerine  has  been  known  as  a  blasting  material  in  the 
operations  of  mining,  quarrying,  and  railway-cutting,  for  about 
three  years;  but  it  is  fully  twenty  years  since  it  was  discovered  by 
a  young  Italian,  M.  Ascagne  Sobrero,  while  he  was  a  student  in 
the  laboratory  of  the  well  known  French  chemist,  Pelouze.  Briefly, 
it  may  be  stated  that  Sobrero  obtained  it  as  a  result  of  the  action  oi' 
a  mixture  of  strong  nitric  and  sulphuric  acids  on  glycerine.  lie 
examined  it  somewhat  minutely,  as  also  did  several  other  chemists, 
continental  and  British.  Amongst  them  Dr.  J.  II.  Gladstone  is 
not  unworthy  of  mention.  He  reported  at  considerable  length  re- 
garding it  to  the  Chemical  Section  at  the  .Cheltenham  Meeting  of 
the  British  Association.* 

In  course  of  time  many  facts  were  noted  with  reference  to  its  true 
chemical  nature  and  its  chemical  and  physical  properties,  the  chief 
of  which,  of  course,  was  its  great  explosiveness,  or  rather  its  great 
power  as  an  explosive  compound.  The  practical  utilization  of  this 
projuM'ty  was  loft  for  Mr.  Alfred  Nobel,  a  Swedish  mining  engineer. 

*  Jiritish  Association  Keports,  1856. 
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He  was  quick  enougli  to  observe  that  it  might  possibly  be  used  in 
mining  operations,  and  scientific  enougli  to  discover  Low  it  could 
be  manufactured  on  tlie  large  scale,  chemically  pure,  and  alwa3's  of 
the  same  quality  in  every  respect.  Former  observers  had  been  much 
troubled  with  it,  owing  to  its  instability,  its  tendency  to  decompose 
spontaneously,  and  generally  with  explosive  violence.  All  chem- 
ists who  know  anything  of  the  early  history  of  gun-cotton  will  re- 
member that  chemical  instability  and  spontaneous  decomposition 
were  almost  invariably  associated  with  it.  Some  French  chemists 
still  regard  it  as  a  very  unstable,  and,  therefore,  unsafe  substance ; 
but  Von  Lenk  and  Professor  Abel  have  amply  demonstrated  that, 
if  thoroughly  cleansed  raAV  cotton  be  used  and  every  trace  of  acid 
be  removed  from  the  manufactured  product,  the  tendency  of  gun- 
cotton  to  spontaneous  decomposition  is  completely  overcome. 
Nobel  did  exactly  the  same  for  nitro-glycerine,  and  its  manufac- 
ture soon  became  in  his  hands  one  of  the  practical  arts.  He 
secured  patent  rights  for  his  process  of  manufacture  in  most  Euro- 
pean states,  and  himself  settled  down  on  the  Elbe,  in  the  vicinity 
of  the  city  of  Hamburg,  as  a  manufacturer  of  the  new  explosive, 
or  "  blasting  oil,"  as  he  chose  to  call  it. 

There  are  now  five  establishments  in  existence — collectively 
aged  eleven  years — where  nitro-glycerine  is  manufactured  on  the 
large  scale.  They  are  at  Lauenburg  (Prussia),  the  one  just  referred 
to  as  outside  the  city  of  Hamburg,  at  Stockholm,  Christiana,  Hel- 
sinfors,  and  New  York.  In  order  to  reduce  to  a  minimum  the 
danger  which  is  alleged  to  attend  the  manufacturing  operations,  the 
establishment  first  mentioned  is  wholly  built  in  an  artificial  exca- 
vation in  and  beneath  the  level  of  the  earth ;  and  thus  any  explo- 
sion which  may  pos.sibly  result  in  the  works  will  be  confined  to 
the  works  themselves,  and  will  exert  no  damage  in  a  lateral  direc- 
tion. ^JMiis  plan  might  well  be  adopted  in  building  gun-powder 
mills.  As  an  indication  that  the  manufacture  of  nitro-glycerine  is 
conducted  on  an  exact  system,  on  rigidly  scientific  princij)les,  it 
may  be  mentitmed  that  in  only  one  instance  has  there  been  an  ex- 
plosion in  any  of  the  five  works  mentioned,  and  even  that  was  but 
a  very  slight  one.  The  manufacture  lias  not  yet  been  introduced 
into  England,  although  we  carry  on  mining  operations,  ([uarrying, 
railway-tunnelling,  &c.,  on  such  a  stupendous  scale  as  is  not  ex- 
celled in  any  country  of  similar  extent.  Why  English  capitalists 
have  not  taken  to  it  we  know  not ;  but  of  this  we  feel  assured,  from 
what  we  know  of  the  extent  to  which  nitroglycerine  is  already  in 
u.se  amongst  us,  that  the  manufacture  of  this  substance  is  yet  des- 
tined to  become  a  jirofitable  undertaking  in  this  country,  when  its 
use  will  doubtless  be  very  greatly  extended. 

As  might  almost  be  inferred  from  the  name,  and,  indo(!(l,  as  has 
already  been  mentioned,  nitro-glycerine  results  irom  the  action  of 
nitric  acid  on  glycerine;  at  all  events,  the  cliemistry  of  the  opera- 
Voi„  LVI.— TiriiiD  Sep.iks.— No.  1. — July,  180s.  G 
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tion  is  essentially  limited  to  tLe  reaction  of  those  two  substances 
on  each  other.  In  practice,  it  is  found  necessary  to  use  sulphuric 
acid  in  conjunction  with  the  nitric  acid,  as  in  the  production  of  gun- 
cotton.  The  essential  details  of  the  chemical  transformation  are 
the  following,  according  toM.  Kopp  and  various  other  chemists: — 
Fuming  nitric  acid  (sp.  gr.  about  1*52)  is  mixed  with  twice  its 
weight  of  the  strongest  sulphuric  acid,  in  a  vessel  which  is  kept 
cool  by  being  surrounded  with  cold  water.  When  this  acid  mix- 
ture is  properly  cooled,  there  is  slowly  poured  into  it  rather  more 
than  one-sixth  of  its  weight  of  syrupy  glycerine;  constant  stirring  is 
kept  up  during  the  addition  of  the  glycerine,  and  the  vessel  con- 
taining the  mixture  is  maintained  at  as  low  a  temperature  as  pos- 
sible by  means  of  a  surrounding  of  cold  water,  ice,  or  some  freezing 
mixture.  It  is  necessary  to  avoid  any  sensible  heating  of  the  mix- 
ture, otherwise  the  glycerine  is  to  a  large  extent  transformed  into 
oxalic  acid.  When  the  action  ceases,  nitro-glycerine  is  produced. 
It  forms  on  the  surface  as  an  oily-looking  fluid,  the  undecomposed 
sulphuric  acid  forming  the  subjacent  layer,  owing  to  its  greater 
specific  gravity.  The  whole  mixture  is  then  poured,  with  constant 
stirring,  into  a  large  quantity  of  cold  water,  when  the  relative  spe- 
cific gravities  become  so  altered  that  the  nitro-glycerine  subsides 
and  the  diluted  acid  rises  to  the  surface.  After  the  separation  in 
this  manner  into  two  layers  is  effected,  the  upper  layer  may  be  re- 
moved by  the  process  of  decantation  or  by  means  of  a  siphon,  and 
the  remaining  nitro-glycerine  is  washed  and  re-washed  with  fresh 
water  till  not  a  trace  of  acid  reaction  is  indicated  by  blue  litmus 
paper.  The  final  purifying  process  pursued  by  Mr.  Nobel,*  is  to 
crystallize  the  nitro-glycerine  from  its  solution  in  wood  naphtha. 
Every  chemist  knows  that  by  this  means  the  substance  will  be 
chemically  pure  and  of  uniform  composition  and  quality. 

Before  enlarging  on  the  properties  of  nitro-glycerine  and  its  ap- 
plications, we  may  just  glance  at  its  chemical  nature  for  a  moment 
or  two.  Glycerine  is  a  ternary  compound,  a  sort  of  oxidized  hydro- 
carbon, its  formula  in  the  ordinary  notation  being  Cg  llg  Og.  The 
(■oiiibined  action  of  the  strong  sulphuric  and  nitric  acids  is  to  trans- 
iunn  it  into  a  quaternary  compound,  a  substitution  product,  ^n 
which  three  equivalents  of  peroxide  of  nitrogen  (3  NOJ  are  sub- 
stituted for  three  equivalents  of  hydrogen,  which  are  removed 
during  the  reaction.  The  chemical  constitution  of  nitro-glycerine 
may  therefore  be  indicated  in  the  following  manner : — 

^''l(Nd;)3}  Oo,  or  C,  11,  (NOA  0,.t 
As  a  substitution-product,  or  nitro-comjwtmd,  nitro-glycerine  very 

*  Lptt»>r  in  "The  Times,"  27th  December,  1807. 

t  Mr.  Nohcl  rogfirds  nitro-glycerine  as  having  tlio  following  composition  (ordi- 
naiy  notation):— Co  H.,  O,  (KO^),,  and  alleges  as  a  reason',  that  a  solution  of 
caustic  potash  will  decompose  the  nitro-glycerine,  resolving  it  into  glycerine  and 
nitric  acid,  and,  with  the  latter,  forming  nitrate  of  potash." 
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much  resembles  gun-cotton,  the  nilro-cdlulosc  of  the  chemist;  in- 
deed, it  may  ahnost  be  regarded  as  liquid  guu-cotton  ;  and  certainly 
it  has  a  great  amount  of  interest  for  the  scientific  cliemist,  as  much 
even  as  for  the  practical  man  who  employs  it  as  an  industrial  agent. 

As  prepared  in  the  manner  already  mentioned,  nitro-glyccrine  is 
an  oily  looking  liquid,  of  a  faint  yellow  color,  perfectly  inodorous, 
and  possessed  of  a  sweet,  aromatic,  and  somewhat  piquant  taste.  It 
is  poisonous,  small  doses  of  it  producing  headache,  which  may  also 
be  produced  if  the  substance  is  absorbed  into  the  blood  through  the 
skin,  and  hence  it  is  not  desirable  to  allow  it  to  remain  long  in  con- 
tact with  the  skin,  but  rather  to  wash  it  off  as  soon  as  possible  with 
soap  and  water.  Glycerine  has  a  specific  gravity  of  about  1*25-1"20, 
but  the  nitro-glycerine  has  a  specific  gravity  of  almost  1'6,  so  that 
it  is  a  heavy  liquid.  It  is  practically  insoluble  in  water,  but  it 
readily  dissolves  in  ether,  in  ordinary  vinic  alcohol,  and  in  methylic 
alcohol  or  wood  spirit.  If  it  be  simply  exposed  to  contact  with  fire 
it  does  not  explode,  although  it  is  so  powerful  as  an  explosive.  A 
burning  match  may  be  introduced  into  it  Avithout  producing  any  ex- 
plosion ;  the  match  may  be  made  to  ignite  the  liquid,  but  combus- 
tion will  cease  as  soon  as  the  match  ceases  to  burn.  Nitro-glyce- 
rine may  even  be  burned  by  means  of  a  cotton- wick  or  a  strip  of 
bibulous  paper,  as  oil  from  a  lamp,  and  as  harmlessly.  It  remains 
fixed  and  perfectly  unchanged  at  212°  Fah.;  if  heated  to  about  860°, 
however,  it  explodes.  Kopp  says  that  it  may  be  volatilized  l)y  a 
regulated  heat  without  decomposition,  but  if  it  boils,  detonation 
becomes  imminent,  and  hence,  when  it  is  dropped  on  a  metal  j)late 
which  is  hot  enough  to  cause  it  to  boil  it  will  decompose  with  a 
somewhat  violent  detonation.  A  plate  not  actually  red-hot  will 
cause  this  change;  if,  however,  the  plate  be  red-hot,  a  drop  of  nitro- 
glyi'-crine  falling  on  it  will  immediately  take  fire  and  burn  like  a 
grain  of  gunpowder.  At  temperatures  below  from  43°  to  45°  Fah,, 
it  becomes  a  glassy  crystalline  mass,  but  is  otherwise  unchanged. 
It  was  crystallized  nitro-glycerine  which  exploded  on  the  Town 
Moor  of  Newcastle.  Notwithstanding  the  great  quantity  of  oxygen 
which  is  contained  in  this  substance,  and  the  powerful  affinity  which 
phosphorous  and  potassium  have  for  that  element,  they  have  no 
effect  on  nitro-glycerine.  If  prepared  perfectly  pure,  it  is  totally 
devoid  of  any  tendency  to  volatilize,  and  it  may  be  kept  for  an  in- 
definite period  of  time  without  showing  any  proneness  to  sponta- 
neous decomposition. 

Nitroglycerine  may  be  decomposed  with  the  greatest  of  case  by 
treatment  with  caustic  potash,  which  resolves  it  into  glycerine  and 
nitric  acid.  This  is  certainly  the  most  effectual  means  of  rendering 
it  permanently  harmless,  although  there  are  other  substances  which 
will  bring  about  its  decom})osition  without  any  explosion.  The 
extraordinary  power  exerted  by  nitro-glycerine  during  its  explo- 
sion is  undoubtedly  the  most  interesting  pro))erty  which  this  sub- 
stance possesses.     The  practical  utilization  of  this  explosive  power 
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■Nvas  at  first  thought  impossible,  because  it  was  observed  that  a 
spark  would  not  jiroducc  any  explosion  at  all,  and  that  a  blow  from 
a  hammer  or  soine  similar  instrument  would  only  produce  a  deto- 
nation that  was  limited  exclusively  to  the  part  struck.  In  using 
all  other  ordinary  explosives,  such  as  gunpowder  and  gun-cotton, 
it  is  practically  necessary  to  employ  fire,  either  as  a  spark  or  a  flame, 
and  as  this  would  be  of  no  use  in  the  case  of  nitro-glycerine,  some 
other  mode  of  exploding  it  had  to  be  resorted  to.  Mr.  Nobel,  who 
was  the  first  person  to  demonstrate  the  possibility  of  using  nitro- 
glycerine as  a  new  industrial  agent,  hit  upon  the  method  noAV  uni- 
versally adopted,  namely,  percussion,  or  rather  concussion.  When 
a  (quantity  of  nitro-glycerine  is  spread  in  a  thin  layer  over  the  sur- 
lace  of  a  hard  stone,  an  anvil,  or  other  metallic  mass,  and  then  pcr- 
ciisscd,  or  sharply  struck  with  a  hammer,  only  that  portion  actually 
st  ruck  explodes  or  detonates,  so  that  percussion  pure  and  simple  is 
practically  useless.  The  whole  mass  of  explosive  liquid  must  be 
violently  concussed,  and  to  produce  the  required  concussion,  the 
nitro-glycerine  must  be  in  a  confined  space,  while,  immersed  in  the 
li([uid,  there  must  be  a  small  bag  of  gunpowder,  or  .a  percussion 
cap  oi"  extra  strength,  firmly  fixed  on  the  end  of  a  gunpowder  fuse. 
Thus  it  will  be  seen  that  nitro-glycerine  almost  requires  to  be 
coaxed  into  an  explosive  mood;  and  if  people  could  only  be  brought 
to  look  on  the  explosions  at  Newcastle,  San  Francisco,  Aspinwall, 
and  one  or  two  other  places,  without  prejudice,  it  would  universally 
be  admitted  that  nitro-glycerine  is  not  only  not  that  frightlully 
dangerous  material  which  many  ]ieople  in  their  ignorance  believe 
it  to  be,  and  which  some  of  them  in  a  panic-stricken  mood  propose 
to  "stani})  out,"  but  that  it  is  even  less  dangerous  than  gun-cotton 
and  gunjiowder,  and  more  completely  under  control  than  they  are. 
We  know  that  this  is  a  very  heretical  and  unorthodox  utterance, 
still  it  is  one  that  can  be  most  indisputably  supported  and  estab- 
lished by  a  great  accumulation  of  facts  resulting  from  the  observa- 
tions and  experience  of  many  persons  whose  minds  are  perfectly 
unbiassed. 

Taking  advantage  of  the  circumstance  that  nitro-glycerine  is 
soluble  in  wood  spirit  or  methyl-alcohol,  Mr.  Nobel,  nearly  two 
years  ago,  made  the  happy  discovery  that  it  could  almost  instan- 
taneously be  rendered  incxplosive,  and  that  its  explosiveness  could 
be  restored  to  it  with  equal  readiness.  The  method  of  making  it 
inc.\]>losivc  is  at  once  simple  and  eficctive.  It  is  to  mix  with  it 
Ironi  five  to  ten  per  cent,  of  wood  spirit,  when  all  attempts  at 
exploding  it  are  rendered  utterly  futile.  Five  per  cent,  of  methyl- 
alcohol  is  said  to  be  amply  sufiicient  to  transform  the  nitro-glyccrinc 
into  the  incxplosive  or  protected  state,  but  Mr.  Nobel  now  always 
adds  ten  per  cent,  before  sending  any  of  his  blasting  liquid  into  the 
market.  A  commission,  appointed  by  the  llamburg  Association  for 
the  Promotion  of  Arts  and  Useful  Professions,  made  an  extensive 
series  of  experiments  on  nitro-glycerine  protected  by  the  addition  of 
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five  ))cr  cent,  ol"  mctliyl-alcohol,  in  October,  18H(j.  One  of  tlie 
experiments  was  an  attempt  to  explode  the  liquid  in  the  ordinary 
way  "with  fuse  and  j)ercussion  cap.  The  experiment  was  twice 
repeated,  but  in  neither  case  did  the  detonation  of  the  cap  afl'cct  the 
liquid.  In  another  instance  tlie  protected  liquid,  in  a  tin  bottle, 
was  fired  at  with  a  bullet,  but  it  was  found  impossible  to  produce 
an  explosion.  "In  the  opinion  of  the  commissioners,"  the  ofilcial 
report  concludes,  the  protected  blasting  liquid  "is  perfectly  inex- 
plosive."  When  this  protected  liquid  is  exposed  to  heat  in  a  proper 
vessel,  the  volatile  solvent  escapes,  and  in  course  of  time,  under  the 
influence  of  a  high  temperature,  the  nitro-glycerine  explodes,  but 
not  with  the  usual  amount  of  violence,  because,  jirobably  the  explo- 
sion occurs  before  all  the  methyl-alcohol  volatilizes.  If  protected 
nitro-glycerine  be  spread  over  the  surface  of  an  anvil,  and  then 
struck  with  a  hammer  in  the  usual  way,  it  will  not  explode;  after 
the  lapse  of  some  time,  however,  the  explosive  state  is  induced, 
owing  to  the  evaporation  of  the  solvent  liquid. 

(Tu  bo  conlinut'd.) 
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(Continued  from  page  405.) 

9.  Inertia — Force. 

The  prtjperty  of  matter  by  which  it  tends  to  retain  its  state, 
whether  of  rest  or  of  jnotion,  is  called  inertia. 

By  saying  that  a  body  has  inertia,  we  merely  understand  that  a 
body  cannot  of  itself  modify  its  condition,  whether  of  rest  or  of 
motion;  and  that  whenever  a  body  begins  to  move,  or  to  change 
the  velocity  or  the  direction  of  its  motion,  these  changes  in  its  con- 
dition are  to  be  referred  to  some  extraneous  cause. 

AVhen  a  body  is  set  in  motion  and  abandoned  entirely  to  itself — 
when  it  is  conceived  as  being  alone  in  space — it  will  move  in  a 
straight  line,  which  is  the  direction  of  its  first  motion,  and  with  its 
first  velocity  forever.  This  truth,  called  the  law  of  inertia,  is  the 
result  of  an  extended  induction,  and  was  not  recognised  boftjic  the 
time  of  Kepler.  Descartes  made  it  the  foundation  of  his  princi- 
l^les  of  mechanics. 

Give  illustrations  of  above  principle,  from  observations  of  the 
motions  of  the  heavenly  bodies,  and  from  experiments  on  the 
motions  of  bodies  on  the  surface  of  the  earth.     The  rotation  of  the 
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earth  on  its  axis.  A  pendulum  will  vibrate  two  days  in  a  vacuum, 
when  the  frictiun  of  the  iioiiit  of  suspension  is  reduced  to  its 
minimum. 

The  apparent  departures  from  the  law  of  inertia,  can  all  be  re- 
ferred to  the  action  of  forces  or  of  resistances  exterior  to  the  body, 
and  which  are  opposed  to  its  uniform  motion  in  a  straight  line. 

Force. 

All  the  phenomena,  or  changes  which  we  observe  in  the  condi- 
tion of  matter,  are  motions  or  the  results  of  motions  of  either  masses 
or  of  their  ultimate  parts  or  atoms;  and  that  which  produces  these 
changes  in  the  coijdition  of  matter  is  denominated /orcc. 

To  Dr.  Julius  Robert  Mayer,  of  Ileilbronn,  Germany,  wc  owe  the 
first  successful  attempt  to  give  as  clear  conceptions  in  reference  to 
force,  as  previously  existed  in  relation  to  matter.  In  1842,  he  pub- 
lished in  LieUg'sAnnalen,  a  short  paper  of  eight  pages,  entitled  Bcmcr- 
kxuKjen  llher  die  Kriifle  der  tmbelebeien  Naiur,  which  from  the  funda- 
mental importance  of  the  truths  which  it  unfolds,  and  from  the  re- 
sults which  have  been  deduced  from  them,  is  to  be  considered  as 
one  of  the  most  important  additions  to  knowledge  produced  in  this 
century. 

Mayer  reasons  thus:  "Forces  are  causes;  accordingly,  we  may 
in  relation  to  them,  make  full  application  of  the  principle,  causa, 
aequat  ejfcctum.  If  the  cause  c  has  the  effect  e,  then  c  =  e;  if,  in  its 
turn,  e  is  the  cause  of  a  second  effect,  /,  we  have  e  =/,  and  so  on ; 
c  =  e  =/  .  .  .  .  =  c.  In  a  chain  of  causes  and  effects,  a  term  or  a 
part  of  a  term  can  never,  as  plainly  appears  from  the  nature  of  an 
equation,  become  equal  to  nothing.  This  first  property  of  all  causes 
we  call  their  indestruclihility. 

"  If  the  given  cause,  c,  has  produced  an  effect,  e,  equal  to  itself,  it 
has  in  that  very  act  ceased  to  be;  c  has  become  e;  if,  after  the  pro- 
duction of  c,  c  still  remained  in  whole  or  in  part,  there  must  be 
still  further  effects  corresponding  to  this  remaining  cause ;  the  total 
effect  of  c  would  thus  be  ]>e.  which  would  be  contrary  to  the  sup- 
position c  =  e.  Accordingly,  since  c  becomes  e,  and  e  becomes  /, 
&c.,  Ave  must  regard  these  various  magnitudes  as  different  forms 
under  which  one  and  the  same  object  makes  its  appearance.  This 
capability  of  assuming  various  forms,  is  the  second  essential  pro- 
perty of  all  causes.  Taking  both  properties  together,  we  may 
say  causes  are  (quantitatively)  indestructible  and  (qualitatively)  con- 
vertible objects." 


Lecture-Notes  on  Physics.  47 

In  another  important  paper,  ^^ Bemerhungen  iiber  das  mechanische 
Aequivalent  der  Wiirme,  1851,"  Mayer  says :  "  Force  is  something 
which  is  expended  in  producing  motion  ;  and  tliis  something  which 
is  expended  is  to  be  looked  upon  as  a  cause  equivalent  to  the  effect, 
namely,  to  the  motion  produced," 

Now,  in  these  motions  or  effects,  there  are  evidently  two  things  to 
be  considered,  (1)  the  mass  of  matter  moved,  and  (2)  the  space 
through  which  it  is  moved;  and  we  have  therefore  force  =  mass X 
space  gone  through  ;  but  as  we  can  measure  and  compare  forces  only 
by  measuring  and  comparing  their  effects,  and  as  bodies  in  free 
motion  will  move  in  the  same  right  line,  and  with  uniform  velocity 
forever,  we  must  place  the  moving  bodies  in  such  circumstances 
that  their  motions  are  destroyed,  and  we  have  remaining  in  their 
stead,  equivalent  effects,  which  we  can  measure;  then  the  compari- 
son of  these  measures  will  give  us  the  relative  intensities  of  the 
forces. 

These  effects,  either  directly  or  indirectly  obtained  from  the  mov- 
ing body,  are  as  various  as  there  are  kind  of  forces  and  resistances 
existing ;  thus,  we  may  oppose  to  a  body,  moving  vertically  up- 
ward, the  resistance  of  gravity  (which  we  may  regard  as  constant, 
if  the  upward  flight  of  the  body  is  a  very  minute  fraction  of  the 
radius  of  the  earth) ;  or,  we  may  oppose  the  constant  resistance, 
which  a  body  of  homogeneous  structure  offers  when  it  is  penetrated 
by  another,  as,  for  example,  when  a  cannon  ball  penetrates  earth, 
clay,  or  pine  wood ;  or,  again,  we  may  have,  for  the  effect  of  the 
destroyed  motion,  he<it,  which  makes  its  appearance  whenever  a 
moving  body  is  brought  to  rest  either  by  friction,  percussion,  com- 
pression, &c.,  with  some  other  body,  or,  as  in  Foucault's  ex])eri- 
mcnt,  where  a  copper  disk  being  forced  to  revolve  between  the 
poles  of  a  powerful  electro- magnet,  the  motion  of  the  wheel  being 
opposed  by  the  reaction  existing  between  the  electric  currents  flow- 
ing in  it  and  in  the  magnet,  the  motion  (force)  lost  by  the  wheel 
appears  as  heat  (force)  in  its  substance. 

The  heat  which  is  produced  by  any  of  these  means  can  readily  be 
caused  to  evolve,  as  it  disappears,  dynamic  electricity,  light,  and 
chemical  action.  Thus,  in  an  experiment  which  the  author  devised 
for  his  classes,  about  four  years  ago,  the  heal  developed  by  the  "/a//- 
iugforce^^  of  a  weight  striking  the  terminals  of  a  compound  thermal- 
battery,  formed  of  pieces  of  iron  wire  and  Gorman  silver  wire  twisted 
together  at  alternate  ends,  caused  a  current  of  electricity  through 


48  Mechanics^  Physics^  and  Chemistry. 

the  wires,  which  being  conducted  through  a  helix  magnetized  a 
a  needle  (which  then  attracted  fine  iron  particles),  caused  light  to 
appear  in  a  portion  of  the  circuit  formed  of  Wollaston's  fine  wire, 
dccom2^osed  iodide  of  potassium,  and  finally  moved  the  needles  of  a 
galvanometer. 

Let  us  now  try  to  arrive  at  comparable  measures  of  force  by  first 
opposing  to  the  moving  body  the  constant  resistance  of  gravity, 
and  see  if  the  measures  thus  given  for  different  velocities  compare 
with  measures  given  by  other  resistances  overcome,  and  for  differ- 
ent quantities  of  heat,  electricity,  &c.,  developed  by  the  disappear- 
ance of  different  velocities  in  the  moving  mass. 

A  body,  shot  vertically  upward,  with  a  velocity  v,  comes  to  rest, 
by  the  opposing  resistance  of  gravity,  after  having  reached  a  certain 
height,  which  we  will  call  //.  Giving  the  body  twice  the  initial 
velocity,  2v,  it  reaches  4/i  before  it  begins  to  return  to  the  earth ; 
with  the  initial  velocity  3v,  it  reaches  the  height  9h;  while  4:V  gives 
IG//,  and  so  on;  in  other  words,  the  heights  reached  are  as  the  squares 
of  the  initial  velocities. 

Wherefore,  as  force  =  mass  X  space  gone  through,  it  follows  that 
the  measure  of  force  is  7nass  Xv^\  v  being  the  velocity  of  the  mass; 
or, /orcc=  mass  X  distance  gone  through  in  overcoming  the  constant 
resistance  =?na5.9  X  v'^. 

If  this  measure  be  true,  the  same  ratio  of  the  square  of  the 
velocity,  will  exist  when  other  resistances  are  opposed  to  the  mov- 
ing body.  Take  the  resistance  offered  by  an  earth  or  clay  bank  to 
the  penetration  of  cannon  balls  having  different  velocities.  It  is 
Ibund  by  artillerists,  that  a  ball  striking  with  the  velocity  2v,  will 
penetrate  four  times  as  deep  as  the  same  ball  with  velocity  v;  while 
a  velocity  of  Sv  will  give  a  penetration  of  nine  times  the  depth  and 
so  on ;  the  penetration  of  the  same  ball  being  as  the  squares  of  its 
velocities.  (See  Dr.  Wollaston's  Bakerian  Lecture  on  the  Force  of 
Percussion,  Phil.  Trans.  1806;  and  Benton's  Ordnance  and  Gun- 
nery, N.  Y.,  1802,  p.  476,  et  seq.) 

Having  found  this  measure  of  force  true  for  these  two  cases, 
where  motion  disappears,  let  us  determine,  as  we  only  can,  exjieri- 
mndally  and  inductively^  whether  the  relative  quantities  of  heat 
evolved  as  different  velocities  of  the  moving  mass  disappear,  also 
preserve  the  ratio  of  the  squares  of  those  velocities. 

In  the  year  1850,  there  appeared  in  the  Phil.  Trans.  Pt.  S.  Lond., 
a  paper  ''On  the  Mechanical  Equivalent  of  Ilcai^''  by  Dr.  James 
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Prescott  Joule,  of  Manchester,  England.  This  memoir  contains 
one  of  the  most  important  physical  constants  ever  determined. 

In  this  investigation  was  first  obtained,  hy  direct  experiment^  the 
exact  quantity  of  heat  developed  by  the  falling  of  a  given  weight 
through  a  known  height.  His  experiments  on  this  subject  began 
in  1843,  and  were  continued  during  six  years,  until  1849.  Dr. 
Joule,  during  this  long  experimental  experience,  gradually  per- 
fected his  apparatus,  and  learned  to  eliminate  various  sources  of 
error,  until  finally  his  measures  arrived  at  by  difFcrent  processes 
gave,  within  small  limits,  almost  identical  values  for  "  the  mechani. 
cal  equivalent  of  heat."* 

His  apparatus  consisted  of  an  upright  copper  cylinder,  which 
contained  either  water,  oil,  or  mercury ;  in  the  lid  of  this  vessel 
were  two  apertures,  one  for  a  vertical  axis,  to  revolve  in  without 
touching  the  lid,  the  other  for  the  introduction  of  a  thermometer. 
The  vertical  axis,  which  was  perfectly  fitted  into  the  bottom  of  the 
vessel,  carried  eight  revolving  arms  or  paddles,  which,  as  they  went 
round,  passed  between  openings  in  four  stationary  vanes,  so  that  the 
water  could  not  acquire  a  motion  of  rotation  and  move  with  the 
arms;  and  resistance  was  thus  made  to  their  motion.  Two  weights 
Avere  attached  to  fine  flexible  cords,  which  passed  over  pulleys,  aud 
Avere  wound  round  a  roller  on  the  vertical  axis,  armed  with  the 
]  laddles.  These  weights  in  falling  caused  the  paddles  to  revolve, 
and  by  the  resistance  which-  it  opposed  to  their  motion,  the  liquid 
was  heated  by  the  equivalent  in  motion  expended.  The  height  of 
tlie  fall  was  about  sixty-three  feet  (to  which  we  may  say  that  practi- 
cally the  radius  of  the  earth  was  infinite),  and  was  measured  by 
vertical  scales,  along  which  the  weights  descended. 

The  mode  of  experimenting  was  as  follows :  the  temperature  of 
the  liquid  having  been  ascertained  by  a  thermometer,  which  was 
capable  of  indicating  a  variation  of  temperature  as  small  as  nJoth 
of  a  degree  Fah.,  and  the  weights  wound  up  by  detaching  the  roller 
from  the  vertical  paddle-axis,  the  precise  height  of  the  weights  were 
ascertained  after  keying  the  roller;  the  weights  then  descended  until 
they  reached  the  floor.     The  roller  was  again  detached  from  the 

*  It  is  to  b(T  remarked  that  Mayor,  in  1842,  used  tlio  cxproi^sion  "  nicohanicftl 
ciiuivaleiit  of  heat,"  and  from  the  difference  in  the  sjiecific  heats  of  the  sumo  weight 
of  air  under  constant  pressure,  and  under  constant  vohime,  theoretically  rferfwccfZ  a 
valui'  for  this  njuivalent,  which,  corrected  with  the  exact  data  of  the  above  quan- 
tilicj  as  furni-lnd  hy  Ucgiiuult,  i^ivcs  a  result  nearly  idfiitical  with  .Joule's. 
Vol.  LVl.— TuiKD  SfiRiKb,— No.  I.—JUJLY,  1868.  7 
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paddle-axis,  the  weights  wound  up,  and  the  agitation  of  the  liquid 
renewed.  This  was  repeated  twenty  times,  and  then  the  tempera- 
ture of  the  liquid  was  again  observed.  The  mean  temperature  of 
the  room  was  derived  from  observations  made  at  the  beginning, 
middle,  and  end  of  each  experiment. 

Corrections  were  now  made  for  the  effects  of  radiation  and  con- 
duction ;  and,  in  the  experiments  with  water,  for  the  quantities  of 
heat  absorbed  by  the  copper  vessel  and  by  the  paddle  wheel.  In 
the  experiments  on  the  heat  produced  by  the  agitation  of  mercury, 
and  in  the  heat  given  out  by  the  rubbing  of  cast  iron  plates,  the 
heat  capacity  of  the  entire  apparatus  was  ascertained  by  observ- 
ing the  heating  w^ich  it  produced  on  a  known  weight  of  water  in 
which  it  was  immersed.  In  all  the  experiments,  corrections  were 
also  made  for  the  velocity  with  which  the  weights  came  to  the 
ground,  and  for  the  rigidity  of  the  strings.  The  force  expended  in 
friction  of  the  apparatus  was  diminished  as  far  as  possible  by  the 
use  of  friction  wheels,  and  its  amount  was  determined  by  connect- 
ing the  pulleys  without  connection  with  the  paddle-axis,  and  ascer- 
taining the  weight  necessary  to  give  them  a  uniform  motion. 

The  following  table  gives  the  results  of  Joule ;  the  second  col- 
umn, as  they  were  obtained  in  air,  the  third,  the  same  corrected,  as 
though  the  weights  had  descended  in  vacuo. 


MATERIALS  EMPLOYED. 


"Water...., 
Mercury. . 
Cast  Iron 


MEAK  EQUIV. 
IN  AIR. 


773-640 
775032 
775-938 


MEAN  EQUIV. 
IN  VAC. 


772'0'J2 
774083 
774-987 


NO.  OF   BXP'S 

FROM  WHICH 

DKRlVElt. 


40 

50 
20 


In  the  experiments  of  producing  heat  by  the  rotation  of  one 
cast  iron  plate  on  another,  the  friction  produced  considerable  vibra- 
tion in  the  frame  work  of  the  apparatus,  and  a  loud  sound ;  allow- 
ance was  therefore  made  for  the  quantity  of  force  expended  in  pro- 
ducing these  effects. 

The  number  772-692,  obtained  as  the  mean  of  forty  experiments 
on  the  friction  of  water.  Joule  considered  the  most  trustwortliy  ; 
but  this  he  reduced  to  772,  because,  even  in  the  friction  of  liquid.s, 
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he  found  it  impossible  entirely  to  avoid  vibration  and  sound.     The 
deductions  of  Joule  from  these  experiments  are  : 

1.  That  the  quantity  of  heat  'produced  by  the  friction  of  bodies^ 
I'-hether  solid  or  liquid^  is  always  proportional  to  the  force  ex- 
pended. 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature 
of  one  pound  of  water  {weighed  in  vacuo,  and  between  55°  and  60°) 
by  1°  Fah.^  requires  for  its  evolution  the  exj)enditure  of  a  mechanical 
force  represented  by  the  fall  of  1  pound  through  772  feet,  or  772  foot- 
jjounds. 

This  is  the  "  Mechanical  Equivalent  of  Heat, ^''  or  the  unit  of  heat, 
generally  called  in  honor  of  the  illustrious  physicist,  "Joule's 
Unit." 

In  French  measures,  the  above  heat-unit  is  thus  stated :  The  heat 
capable  of  increasing  the  temperature  of  1  kilogramme  of  ivater  1°  C, 
is  equivalent  to  a  force  represented  by  the  fall  of  423"55  kilogrammes, 
through  the  space  of  1  metre.  The  descent  or  ascent  of  1  pound 
through  1  foot  is  called  a  foot-pound,  while  the  descent  or  ascent  of 
1  kilogramme  through  1  metre  is  denominated  a  kilogramme-metre. 
By  the  adoption  of  these  terms,  the  expressions  of  the  above  truths 
can  be  mere  concisely  enunciated;  thus,  using  French  measures, 
we  say,  423  kilogramme-metres  is  equivalent  to  1  kilogramme-degree 
centigrade. 

Thus,  Joule  showed  that  the  heat  developed  was  in  proportion  to 
the  mass  X  the  distance  fallen  through ;  or,  what  is  the  same,  equiva- 
lent to  the  mass  X  square  of  the  velocity. 

In  a  remarkably  interesting  paper,  "  On  the  Production  of  Thermo- 
Electric  Currents  by  Percussion,^^  Prof.  O.  N.  Rood,  of  Columbia 
College,  N.  Y.,  shows  directly  by  careful  and  skilful  experiments, 
that  the  heat  and  its  equivalent  in  dynamic  electricity  (which  latter 
gave  the  measure  of  the  heat),  produced  by  a  weight  falling  from 
different  heights  on  a  compound  plate  of  German  silver  and  iron, 
was  in  proportion  to  the  height  of  the  fall  of  the  weight,  or,  what 
is  the  same,  to  the  square  of  the  velocity  of  impact. 

For  the  details  of  these  experiments,  and  the  precautions  taken 
to  avoid  the  action  of  extraneous  causes  mingling  themselves  with 
the  main  effect,  the  reader  is  referred  to  Prof  Eood's  paper  in  "The 
American  Journal  of  Science,  July,  1866." 

We  here  only  give  some  of  the  results,  which  speak  for  them- 
selves. 
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Table  2. — With  Two  Skins  Above  and  Below  Jx^nction  of  Metals. 


Distances  fallen  by  Weight 

Deflection  of  Galvanometer-needles 
■—Average  of  eight  Observations 


1  in. 


l«-3 


2°-7 


3  ins. 


3°-55 


4  ins. 


5-°2 


Table  3.— With  Four  Layers  of  Plain  Silk  Abovje  and  Below  the 

Juncture. 

Distances  Fallen 

lin. 
l°-5 

2  ins, 
3°0 

3  ins. 
4°-5 

4  ins. 
6°-0 

Average  Deviation  of  eight  exp'ts. 

Table  5.— With  Four  Layers  of  Wax-Coated  Woven  Silk. 

Distances  Fallen 

lin. 
1°07 

2  ins. 
2°'l 

3  ins. 
3°-28 

4  ins. 
4° -3 

6  ins. 
6°0 

Keduced  Average  Deviation  of  Five 

For  a  proper  interpretation  of  the  above  results,  it  is  to  be  re- 
marked that  the  deflection  of  the  galvanometer  needles  up  to  6° 
was  in  proportion  to  the  intensity  of  the  current,  which  is  itself, 
within  these  limits,  proportional  to  the  heat  at  the  juncture  which 
developed  it. 

It  can  be  further  shown  that  the  measure  of  force,  or  energy  (a 
term  now  more  generally  used,  and  which  we  owe  to  Dr.  Thomas 
Young),  is  proportional  to  the  square  of  the  velocity  of  a  moving 
mass,  by  obtaining  the  equivalents  of  effects  other  than  those  of 
resistance  offered  by  gravity,  by  penetrable  bodies,  and  of  the  heat 
developed  by  friction  and  by  impact.  Joule,  in  1843,  showed  that 
the  same  relation  existed  between  the  heat  evolved  by  the  electric 
current  of  an  electro- magnetic  engine,  and  the  mechanical  energy 
expended  in  producing  it,  and  in  1844  he  showed  that  the  heat  ab- 
sorbed and  evolved  by  the  rarefaction  and  condensation  of  air,  is 
proportional  to  the  amount  of  mechanical  energy  evolved  and  ab* 
sorbcd  in  these  operations* 
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In  the  following  table,  taken  from  Yerdet's  "  Expose  de  la  Tlieorie 
Mechanique  de  la  Chakur,^'  Pans,lS(jo,  are  given  the  most  reliable 
determinations  of  the  mechanical  equivalent  of  heat.  The  numbers 
represent  the  number  of  kilogramme-metres,  which  is  equivalent 
to  one  kilofframme-degree  centigrade  of  water. 


NATTTRK  OF  THE  PHENOMEN'ON 
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General  Properties  of  Air 

Friction 

J  Mayer 
j  Clausius 

Joule 

Clausius 

Joule 

Favre 

Bosscha 

Clausius 

V.  Eegnault, ") 
Molf&Van  \ 
Beck            J 

Joule 

Favre 

Hirn 

Joule 

Favre 

fw.  Weber) 
1      Joule        J 

Quintus  Icilius 

426 

424 
413 
413 
452 

443 
420 

400 

"Work  done  by  the  Steam  Engine 

Heat  evolved  by  Induced  Currents 

Heat   evolved    by  an    Electro- "j 
Majjnetic  Engine  at  Rest  and  >■ 
in  Alotion J 

Total  Heat  evolved  in  Jhe  cir- 1 
cuit  of  a  Daniell's  Battery...  / 

11  eat  evolved  in  a  metallic  wire.  "| 
throuijh  which  an  electric         >• 
current  is  passing J 

From  the  above  discussion,  we  conclude  that  the  true  measure  of 
force  is  mass  X  v*. 

(To  be  continued.) 


The  proposed  Portland  and  Rutland  Railroad. — A  company 
has  been  formed  to  build  a  railway,  which  shall  establish  direct 
railway  communication  with  Portland  and  Ogdensburg,  which  is 
situated  at  the  head  of  lake  navigation. 
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THE  GIFFARD  INJECTOR. 

The  Giffard  Injector,  as  all  know,  is  an  instrument  in  wliicli 
a  jet  of  steam  coming  out  of  a  boiler,  and  being  condensed  by  a 
stream  of  water,  surrounding  and  mingling  with  it,  imparts  to  that 
water  such  force  or  velocity  that  it  is  able  to  enter  the  water  space 
of  the  same  boiler,  notwithstanding  the  resistance  of  its  internal 
pressure. 

In  its  simplest  form,  it  consists  of  the  following  parts,  shown  in 
the  accompanying  cut.  A  nozzle,  A,  by  which  steam  is  admitted  in 
the  axis  of  the  apparatus ;  around  this  an  annular  S23ace  by  which 
water  from  B,  flows  in  around  the  steam,  and  mingling  with  and  con- 


Fig.  1. 


densing  it  in  the  conical  tube,  D,  is  driven  through  the  pipe,  h,  and 
valve,  I,  into  the  boiler.  Excess  of  steam  or  water  from  want  of 
adjustment  escaping  by  the  outlet,  F  F,  and  g.* 

The  action  of  this  instrument  seems  at  first  sight,  to  be  discordant 
with  certain  principles  which  are,  with  good  reason,  accepted  as  ab- 
solutely certain;  and  for  this  cause  the  mind  in  grasping  the  idea  of 
its  operation,  is  disturbed  by  a  sense  of  this  discord,  and  the  diffi- 
culty of  a  clear  comprehension,  is  thus  enhanced. 

We  may  therefore  well  begin  our  general  description  by  show- 
ing how  this  apparent  discord  comes  simply  from  a  neglect,  or 
omission  from  our  view,  of  certain  important  conditions. 

At  the  outset,  then,  the  idea  that  a  jet  of  steam  escaping  from  a 
boiler,  should  be  able  to  enter  the  same  boiler  again,  carrying  with 
it  an  added  quantity  of  water,  seems  to  be  in  direct  opposition  to 
the  general  maxim,  that  the  amount  of  a  force  can  in  no  way  be 
increased  by  the  intervention  of  any  sort  of  machinery. 

The  following  consideration,  however,  will  to  some  extent,  at 
least,  relieve  this  difficulty.  If  we  suppose  the  reservoir  of  steam 
in  the  boiler  to  receive  no  addition  of  force  or  supply  during  the 
experiment,  it  is  clear  that  its  elastic  force  or  effective  pressure,  will 

*  This  cut  shows  simply  the  principle  of  th«  instrumcttt,  all  details  of  construc- 
tion being  intentionally  ouiittod. 


The  Oiffard  Injector.  55 

be  reduced  in  proportion  to  the  volume  of  steam  withdrawn.  Thus 
if  half  its  contents  are  removed,  the  pressure,  exerted  by  what 
remains,  will  be  reduced  to  half.  On  the  other  hand,  if  water,  even 
at  the  full  temperature  of  that  in  the  boiler,  is  introduced,  it  will 
only  increase  the  pressure  in  proportion  to  its  volume.  To  restore 
the  pressure  of  the  boiler,  diminished  by  withdrawing  half  its  capa- 
city of  steam,  the  same  amount,  or  half  its  capacity  of  hot  water 
must  be  forced  in.  Now,  in  the  case  of  the  injector,  we  know  that 
nothing  like  this  occurs.  The  steam  escapes  as  steam,  and  is  returned 
as  water,  with  a  volume  reduced  say  1000  times,  and  even  if  it  carries 
with  it  twenty  times  its  volume  or  weight  of  fresh  water,  there  would 
still  be  a  loss  of  pressure  or  eftective  force  in  the  boiler,  fully  equiva- 
lent to  the  work  performed  in  introducing  the  supply. 

The  force  implied  in  expelling  the  steam,  and  therefore  lost  by 
the  boiler,  would  thus  clearly  be  a  greater  one  than  that  restored 
by  the  introduction  of  the  water. 

We  have,  as  it  were,  a  rod  or  cylinder  of  steam,  say  1000  feet 
long,  expelled  with  a  given  force  or  pressure  from  the  boiler,  and 
then  by  concentrating  the  force  involved  in  this  moving  mass,  we 
introduce  against  the  same  pressure  a  rod  or  cylinder  of  water,  say 
twenty  feet  in  length. 

Clearly,  this  does  not  imply  any  self  production  or  increase  of 
force,  but  simply  the  concentration  of  an  extended  or  diffused 
power,  into  a  condensed  effect.  As  when  a  ship  is  pushed  through 
the  water  by  the  action  of  the  wind  upon  her  sails,  or  a  heavy 
weight  is  raised  a  short  distance  through  the  intervention  of  any 
mechanical  power,  by  the  descent  of  a  light  weight  through  a  great 
space.  In  short,  steam  pressure  being  well  up  in  a  boiler,  if  we 
damped  the  fire  and  started  the  injector,  we  should  soon  run  down 
the  pressure  to  a  point  so  low,  as  to  stop  the  action  of  the  instru- 
ment, and  this  quite  independently  of  the  lower  temperature  of  the 
injected  water. 

So  far  for  the  general  abstract  principle,  and  the  facts  that  show 
us  how  entirely  this  apparatus  is  clear  of  all  relationship  to  per- 
petual motion,  or  self  generating  force.  "We  will  next  consider 
re  in  detail  the  special  mode  of  action  exhibited  in  this  instrument. 

The  first  point  to  be  apprehended,  is  the  difference  between 
motion  and  pressure.  Pressure  is  an  isolated  unit  of  force ;  motion, 
expressed  by  velocity,  is  the  sum  of  many  of  these  units. 

Where  a  pressure  exists  without  motion,  some  force,  instant  by 
instant,  is  in  action,  but  each  instant  its  previous  effort  is  counter- 
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acted  and  destroyed,  by  whatever  obstacle  or  resistance  prevents 
motion  from  taking  place,  and  keeps  up  the  state  of  mere  2:>ressure. 
Thus,  no  more  power  is  at  any  time  present  in  the  bodies  concerned, 
than  that  unit  or  single  element  evolved  by  the  force  in  a  single 
instant. 

When,  however,  the  resistance  is  wholly  or  in  part  removed, 
then  the  force  produces  a  certain  amount  of  motion  in  the  body 
affected,  during  the  first  instant,  to  which  it  adds  in  the  second  and 
third  and  so  on;  the  force  thus  being  transformed  into  motion,  and 
accumulated  in  that  form  in  the  moving  body,  so  developing  a 
constantly  increasing  velocity,  proportional  to  the  time  of  action 
or  number  of  force-units  involved. 

This  principle  undoubtedly  is  concerned  in  the  operation  of  the 
injector.  The  escaping  steam  acquired  a  high  velocity,  which  is 
in  no  respect  reduced  by  its  condensation  into  water,  and  only 
diminished  (in  proportion  to  the  additional  amount  of  matter  set  in 
motion)  by  the  added  quantity  of  water  which  it  takes  up  and 
carries  with  it  against  the  valve,  it  is  thus  easily  able  to  open  that 
valve  and  introduce  the  water  against  the  mere  pressure  of  the 
boiler. 

This  principle  is  very  happily  illustrated  in  the  apparatus  de- 
vised by  M.  E.  Bourdon,  and  constructed  by  Salleron  (as  we  see 
from  his  catalogue),  and  which  is  designed  to  illustrate  the  rela- 
tions which  exist  between  velocity  and  pressure,  in  solid  as  well  as 
in  fluid  bodies. 

There  is,  in  this  case,  arranged  a  glass  reservoir,  k,  into  which 
air  is  forced  by  means  of  a  condensing  pump,  p,  while  a  gauge,  n, 
denotes  the  amount  of  pressure  thus  developed. 


In  one  end  of  this  reservoir  is  a  valve,  5,  opening  inwards,  and 
immediately  opposite  to  it  au  air-gun  })roYided  with  a  reservoir,  K, 
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which  receives  its  charge  from  K,  by  the  tube,  t,  and  therefore  will 
luive  exactly  the  same  pressure.  Having  charged  both  reservoirs, 
Avc  theu  close  the  stop-cock,  r,  and  discharging  a  ball  from  the  air- 

111,  it  Avill  open  the  valve,  s,  and  enter  K,  against  a  pressure  fully 
e-iual  to  that  which  developed  its  own  motion.  From  what  we  have 
said  before,  the  reason  of  this  is  clear. 

The  velocity  of  the  ball  expresses  the  sum  of  all  the  forces  ex- 
erted by  the  air  upon  it,  during  the  many  instants  it  occupied  in 
passing  out  of  the  barrel  of  the  gan ;  the  resistance  of  the  valve  is 
simply  the  single  force  of  the  air  pressure,  exerted  for  the  instant 
required  to  open  it. 

Again,  we  may  consider  the  action  in  another  and  quite  different 
light.  Let  us  suppose  that  the  steam  is  issuing  with  the  full  velocity 
due  to  the  pressure,  from  an  orifice  of  one  inch  in  area.  In  tbe 
nozzle  of  the  injector  it  is  condensed  into  water,  without,  however, 
suffering  any  change  in  its  velocity  from  this  cause,  its  bulk  will 
by  this  means  be  reduced,  say,  1000  times,  and  therefore  its  area  of 
cross  section  (the  velocity  being  constant),  will  experience  a  similar 
reduction.  Neglecting  loss  by  friction,  it  would  then  be  able  to 
enter  the  boiler  again  by  an  orifice  j^^^ih  of  that  by  which  it 
escaped,  and  we  should  thus  have  the  total  force  expended  by  the 
steam  within  the  boiler  on  the  area  of  an  inch  in  expelling  the 
steam  jet,  concentrated  upon  the  area  of  yoou^^  ^^  ^^  inch,  and 
therefore  greatly  superior  to  the  opposing  pressure  exerted  upon 
tliat  small  area. 

If  an  additional  quantity  of  water  were  taken  up  by  the  jet,  as 
in  the  actual  case  of  the  injector,  its  velocity  would  be  diminished 
in  ;m  equal  proportion,  and  tlie  area  of  inlet  required  for  its  passage 
increased  in  like  amount,  to  make  up  for  its  slower  motion,  and  again 
in  equal  proportion  by  reason  of  the  greater  volume  to  be  intro- 
duced, but  we  clearly  have  margin  enough  for  both  these  deduc- 
tions. Thus  suppose  twenty  times  the  weight  of  the  steam  added 
to  it  in  fresh  water,  thus  reducing  its  velocity  to  ^'o^^'*  ^'^'■^  demand- 
ing an  area  of  inlet  increase  twenty  times  to  allow  for  this  slower 
motion,  and  twenty  times  again  for  increased  material,  in  place  of 
lUUO  to  1,  we  should  have  the  areas  of  escape  and  entrance,  or  tho 
power  and  resistance  as  1000  to  20  X  20,  or  400,  or  as  2  J  to  1,  which 
sliows  an  abun<lant  margin  for  loss  by  friction,  &c. 

It  may  occur  to  some,  that  this  reasoning  looks  like  a  contradic- 
tion to  the  doctrine  of  hydrostatic  equilibrium  between  large  and 
Vol.  LVI.— Tuikd  tJEUits.— No.  1.— July,  1»G8.  8 
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small  connected  vessels,  biU  a  little  thought  will  show  where  the 
distinction  lies. 

In  a  large  and  small  vessel,  the  change  of  diameter  in  the  dift'er- 
ent  parts  of  the  fluid,  is  accomplished  by  the  resistance  of  the  sides 
of  the  vessel,  and  thus  if  the  area  is  contracted,  so  also  is  the  actu- 
ating force  opposed  and  counteracted ;  but  in  this  present  case,  the 
contraction  of  the  jet  is  the  result  of  no  pressure  externally  ap- 
plied, but  of  the  internal,  inter-molecular  contraction  of  the  moving 
particles  in  condensing,  which  can  therefore  have  no  efl'ect  upon 
their  actuating  force,  general  motion  or  velocity.  "We  are  therefore 
fully  warranted  in  assuming,  that  the  contraction  of  the  jet  by  con- 
densation, is  accompanied  by  a  concentration  of  its  moving  force. 

In  this,  as  in  all  other  modes  of  explaining  the  action  of  this  in- 
strument, we  are  brought  back  to  the  condensation  of  the  steam  in 
the  nozzle,  »,  as  the  true  cause  of  the  development  of  power  and  of 
the  eft'ect  produced.  It  will  therefore  be  readily  apprehended  that 
if,  by  reason  of  a  high  temperature  in  the  feed  water,  no  condensa- 
tion took  place,  the  instrument  could  not  work ;  while  a  tempera- 
ture short  of  this,  would  diminish  proportionally  the  amount  of 
water  thrown.    Such,  exactly,  is  the  fact  observed  in  practice. 

(To  be  continued.) 


Coal  and  Fire-Clay  Mines  have  recently  been  opened  in 
Warren  County,  at  the  forks  of  the  Alleghany  and  Kinsua.  The 
coal  mines  lie  twelve  miles  up  the  Alleghany  River  from  Warren, 
and  tliirty-six  miles  from  Olean,  in  New  York  State,  a  point  on  the 
New  York  and  Erie  Railroad,  and  terminus  of  the  Genesee  Yalley 
Canal.  The  TUusville  Herald  says:  "The  explorations  already 
made  have  discovered  the  fact  that  the  bed  of  cannel  coal  in  this 
mine  is  four  feet  in  thickness,  the  bed  of  fire-clay  below  it  seven 
feet  in  thickness,  and  still  beneath  this,  a  bed  of  bituminous  coal 
four  feet  thick,  which  will  make  a  drift  in  the  mine  of  fifteen  feet. 
The  quality  of  the  fire-clay  is  very  superior,  equal  to  that  of  the 
Pittsburg  region;  while  the  coal  is  pronounced  by  competent 
judges,  equal  to  the  English  cannel  brought  to  the  New  York 
market.  The  proximity  of  this  coal  field  to  the  projected  railroad 
from  Warren  to  the  Erie  road,  adds  to  the  marketable  value." 


» 
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SUNLIGHT  AND  MOONLIGHT, 

A  Lecture  delivered  at  the  Academy  of  Music,  before  the  Franklin  Institute,  on 
May  23d  and  June  6th,  1868, 

By  Prof.  Hexry  Morton,  Ph.D 

(Note.) — The  following  report  of  this  lecture  has  been  prepared  at  tlie  reqnest 
of  members  of  the  In^litut*',  and  with  the  view  of  placing  in  an  accessible  form 
much  matter  of  general  interest  tR  cotnectioR  with  the  wonderful  developments 
of  modern  astronomical  research  (especially  those  relating  to  photuj^raphy  and 
the  spectroscope),  which  are  either  quite  inaccessible  to  the  public  at  large.,  or 
only  to  be  reached  wilh  great  labor  and  cost.  In  pursuance  of  this  plan,  arrange- 
ments have  been  rnadu  for  the  introduction  of  an  entirely  new  and  most  valaable 
series  of  illustrations,  including  fac-similes  of  the  admirable  photographs  of  the 
moon,  made  by  Prof.  Henry  Draper,  M.  D.,  and  Mr.  L.  A.  Rulherfurd,  the  star 
spectra,  stud-ied  and  mapped  by  Prof.  W.  A.  Miller  and  Mr.  William  Iluggins] 
views  of  sun  spots  by  F.  Howlett,  and  views  of  the  planets  by  3fr.  W.  Lassell, 
Mr.  J.  N.  Lockyer  and  others. 

PITON'OGR.iPHIC    REPORT. 

The  moon,  a.s  we  all  know,  shines  hy  reflecting  light,  the  sonrre 
of  which  is  in  the  sun.  For  various  reason.s,  among  which  it  must 
he  acknowledged  the  convenience  of  our  scenic  arrangements  holds 
a  prominent  place,  we  will  consider  this  reflected  light  and  its  sec- 
ondary origin  in  the  first  instance,  and  tlien  follow  it  back  to  its 
fountain  and  source.  This  order,  however,  is  Qot  unnatural,  and 
iiiiL^it  have  been  selected  even  if  not  suggested  by  the  conditions 
above  mentioned, 

Moonlight,  then,  being  reflected  light,  we  will  first  consider  some 
of  the  general  laws  of  reflection.  At  the  very  outset,  however,  we 
must  notice  that  there  are  two  sorts  of  reflection,  one  known  as 
regular  or  as  specular  reflection,  which  follows  very  rigid  and  pre- 
cise rules,  the  other  diffused  or  irregular  reflection,  which  is  eman- 
cipated from  these  restraints,  but  has  its  own  special  conditions  and 
modes  of  action. 

When  rays  of  light  fall  upon  smooth  or  polished  surfaces,  they 
are  in  part  repelled  or  thnjwn  off  again  in  such  a  manner,  that  the 
angles  made  by  the  aj)proachiiig  and  receding  ra\s  witli  the  surface 
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or  Its  normal  {i.  e.  line  perpendiculai;to  the  Burface),  are  equal.  This 
is  illustrated  by  the  accompanying  cut. 

We  have  here  a  vertical  graduated  circle,  on  which  degrees  are 
marked  and  numbered  right  and  left  from  the  point  M.     At  the 

centre  is  a  little  horizontal  mirror.  By 
means  of  the  adjustable  mirror,  M,  a  ray 
of  sunlight  is  caused  to  pass  through  the 
small  opening,  N,  beneath  it,  and  to  fall 
upon  the  central  mirror,  its  angle  with 
the  normal  to  that  reflecting  surface  being 
N?zA.  If  now  we  move  the  small  screen 
P  to  such  a  point  that  the  angle  phn  is 
equal  to  N72A,  then  the  reflected  ray  will 
strike  it,  and  make  a  bright  spot  at  its 
centre. 

If,  however,  light  falls  upon  an  irregu- 
lar or  unpolished  surface,  it  is  in  part  re- 
flected, not  in  any  one,  but  in  every  direc- 
tion, and  this  not  from  any  inversion  or  abrogation  of  the  other 
law,  but  simply  from  a  new  condition  of  its  action,  as  the  siirface 
in  this  case  consists  of  an  indefinite  number  of  minute  surfaces  at 
every  imaginable  angle  to  the  incident  rays  which  therefore  ought 
to  be  scattered  in  every  direction,  according  to  the  first  law. 

Yet  this  difference  is  a  marked  and  striking  one,  and  deserves 
our  notice  and  consideration.  It  is  by  reason  of  this  difference  that 
a  sheet  of  paper  looks  bright,  no  matter  how  the  light  falls  upon  it, 
while  a  polished  plate  of  silver  or  a  mirror  will  seem  black  unless 
in  a  certain  position  with  reference  to  our  eyes  and  the  source  of 
light. 

To  make  this  difference  clear,  and  to  give  impressiveness  to  the 
fact,  I  have  arranged  some  experiments  which  I  will  first  exhibit 
to  you,  and  afterwards  explain,  that  you  may  first  enjoy  the  pleasure 
of  a  mystery  and  a  surprise,  and  then  the  greater  delight  of  investi- 
gation and  acquired  knowledge  as  to  cause  and  efi'cct. 

You  have,  of  course,  observed  behind  me,  this  large  mirror  (for 
which  we  have  to  thank  the  kindness  of  Mr.  Earle,  in  whose  estab- 
lishment it  was  produced),  and  which  has  been  presenting  to  you 
another  vast  audience,  vibrating  with  the  flutter  of  fans  and  bright 
with  fair  faces.  I  bring  this  lighted  candle  near  it,  and  you  see  the 
twin  image  of  its  tiny  flame,  proving  if  proof  be  needed,  that  what 
is  before  you  is  a  veritable  and  vast  reflecting  surface. 
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Now  I  tell  you,  that  there  is  beside  upon  that  mirror  a  beautiful 
fairy  or  phantom  form,  invisible  to  j^ou,  equally  mvisible  to  me, 
but  able  to  reveal  itself,  if  we  but  grant  to  its  bashfulness,  or  to  the 
magic  spell  of  optical  laws  to  which  it  is  subject,  the  protection  of 
tliis  delicate  white  veil,  which,  as  you  see,  is  itself  void  of  any  mark- 
ing or  irregularity  in  its  filmy  surface.  My  friend,  Mr.  Moody,  will 
now  place  himself  on  the  platform  behind  the  mirror,  and  will  then 
drop  the  veil  over  the  surface  of  the  glass. 

(A  thin  veil  of  bobinet  with  a  rich  fringe,  and  attached  to  a  light 
rod  by  means  of  which  it  could  be  pressed  close  to  the  surface  of 
the  glass  within  the  frame,  was  here  let  fall  over  the  mirror,  when 
at  once  a  beautiful  figure  of  Ariel  appeared  as  if  on  the  veil.) 

Instantly  the  Phantom  of  the  mirror  and  veil,  the  Spirit  of  re- 
flected light,  a])pears  in  delicate  beauty.  The  veil  is  now  wrapped 
together  and  drawn  off  to  one  side,  seeming  to  enfold  and  shroud 
the  Spirit  within,  and  both  fall  together  to  the  floor,  from  which  I 
now  raise  the  veil,  empty  of  its  celestial  visitant,  as  at  first. 

Let  us  now  look  for  an  explanation  of  these  results.  That  little 
box  with  its  brazen  nose,  is  the  "magic  lantern,"  or  "Aladdin's 
lamp,"  to  which  this  spirit  owes  obedience. 

Shut  up  within  its  thin  walls,  has  been  burning  since  the  curtain 
rose,  a  brilliant  lime  light,  whose  rays,  collected  and  guided  by 
various  lenses,  have  been  all  along  and  are  now  projecting  a  fairy- 
like image  upon  the  surface  of  the  mirror,  but  the  rays  which  form 
this  image,  coming  obliquely  from  one  side,  are  thrown  off  obliquely 
toward  the  other,  and  are  lost  behind  the  side  scenes. 

When  the  veil  descends  over  the  glass,  it  offers  a  surface  capable 
of  irregular  reflection,  and  the  rays  no  longer  following  a  single 
ji:ith,  are  scattered  in  all  directions,  so  that  some  from  each  point 
reach  the  eyes  of  every  one,  no  matter  where  he  may  be  placed  in 
the  house. 

We  will  now  change  the  arrangement  of  the  mirror  somewhat, 
so  that  the  reflected  rays  will  no  longer  fall  behind  the  scenes,  but 
upon  this  transparent  screen,  which  is  supported  close  to  the  edge 
of  the  stage  on  the  opposite  side  to  that  occupied  l)y  the  lantern. 
You  then  see  the  phantom  figure,  on  a  larger  scale,  clearly  depicted 
on  this  screen,  while  yet  as  before,  no  sign  of  an  image  is  visible 
on  the  mirror,  although  as  you  know,  it  is  only  by  way  of,  and 
through  reflection  from,  this  mirror  that  any  image  reaches  the 
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screen  at  all.  If  a  small  screen  of  white  paper  is  held  over  part  of 
the  mirror,  an  image  is  clearly  seen  upon  it,  while  the  correspond- 
ing portions  of  the  figure  disappear  from  the  transparent  screen  in 
front. 

We  now  remove  the  picture  from  the  lantern,  and  a,llow  a  broad 
sheet  of  light  to  fall  U})on  the  mirror,  and  to  be  reflected  to  the 
transparent  screen,  brightly  illuminating  it. 

I  now  breathe  upon  the  mirror,  and  at  once  you  see  a  bright  spot 
on  the  glass,  and  a  dark  one  on  the  screen.  The  fine  particles  of 
moisture  give  an  irregular  surface  on  the  glass,  which  scatters  the 
light  in  all  directions,  so  that  some  of  it  enters  the  eyes  of  each 
one,  but  for  that  very  reason  but  little  goes  to  the  screen. 

Again,  I  take  this  little  steam  atomizer,  which  is  projecting  a 
misty  spray  of  water,  and  with  its  jet  as  a  brush,  trace  on  the  sur- 
face of  the  mirror,  characters  which  there  seem  drawn  with  fire,  but 
on  the  screen  appear  painted  with  ink. 

This,  then,  illustrates  the  difference  between  regular  and  scattering 
or  diffusive  reflection.  To  the  first  we  owe  those  beautiful  effects 
of  duplicated  images  we  see  in  still  water,  presenting  an  inverted 
image  of  every  object  in  its  vicinity,  as  well  as  the  countless  uses 
and  applications  to  which  mirrors  and  polished  surfaces  are  applied. 

To  the  second,  we  owe  the  visibility  of  all  ordinary  objects  which 
are  seen  by  the  scattered  light  they  reflect,  and  among  which  the 
moon  is  to  be  classed  in  this  relation.  Of  these  various  effects,  I 
now  bring  before  you  many  beautiful  illustrations  in  the  pictures 
which  are  being  projected  on  the  huge  screen,  forty  feet  square, 
which,  while  I  have  been  speaking,  has  silently  descended  just  be- 
hind me,  and  on  which,  Mr.  O.  11.  Willard,  well  known  to  many  of 
you  for  his  skill  as  a  photographer,  is  projecting  from  a  large  lan- 
tern, 90  feet  back  at  the  rear  of  the  stage,  various  admirable  pho- 
tographs of  his  own  production,  prepared  specially  for  their  present 
use,  and  representing,  as  you  see,  landscapes  with  still  water,  in 
which  the  shrubs,  and  trees,  and  buildings  on  the  banks,  find  them- 
selves reflected,  and  pictures  in  which  groups  of  statuary  and  other 
objects  are  combined  with  mirrors,  in  such  a  way  as  to  illustrate 
the  various  points  to  which  Ave  have  alluded.*     (A  number  of  pic- 

*  The  lantern  nsfd  on  this  occasion  was  tho  large  one  made  by  Mr.  J.  Zentmayer, 
nnd  di'scribcd  in  this  Journal  at  page  280,  Vol.  LIV.,  having  a  triple  lens  con- 
denser eight  inches  in  diameter,  and  supplied  with  photographic  glass  pictures  of 
a  corresponding  size.  With  a  large  jet,  burning  about  four  cubic  feet  an  hour  of 
i'Ach  gas,  this  builorn  crtvexs  the  immense  screen  of  1000  square  feet,  in  a  most 
satisfactorv  niMnncr. 
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tnres  were  here  exhibited  and  described,  which  it  "would  be  impos- 
sible for  us  to  reproduce  in  this  place  without  an  outlay  incommeu- 
irate  with  their  actual  importance,  we  must  therefore  leave  to  the 
ader's  memory  of  actual  scenes  and  his  imagination,  the  details 
of  this  subject.) 

Before  leaving  this  department  of  our  subject,  we  may  well 
devote  a  little  time  to  the  more  full  expression  of  the  results  flow- 
ing directly  from  the  law  of  regularly  reflected  light  already  stated. 
In  consequence  of  the  equality  between  the  angles  of  incident  and 
reflected  rays,  it  follows  that  the  mutual  relations  of  a  group  or 
sheaf  of  rays  will  not  be  changed  by  reflection,  though  their  com- 
mon direction  will  be  altered.  Parallel  rays  will  remain  parallel, 
and  diverging  rays  will  diverge  exactly  as  before.  This  is  shown 
by  figures  2  and  3,  which  explain  themselves. 

Moreover,  we  see  that  if  diverging  rays  are  reflected  by  a  plain 
surface,  their  paths  after  this  action  will  be  exactly  such  as  they 
v/ould  have  follow- 
ed had  they  come 
from  a  point  exactly 
as  far  behind  the  re- 
flecting surface,  as 
their  real  origin  is  in  front  of  it,  and  in  a  like  relative  position. 
This  is  shown  in  Fig.  3,  where  the  rays  from  A,  after  reflection,  pass 
off  exactly  in  the  same  paths  they  w^ould  have  followed  if  ema- 
nating from  B.  An  eye  placed  at  c  would,  therefore,  receive  them 
exactly  as  if  they  had  come  from  B,  and  if  unaware  of  the  reflect- 
ing surface,  would  believe  them  so  to  originate. 

It  is  thus  that  all  objects  seen  in  a  mirror  appear  to  be  behind  its 
irface,  and  would  actually  deceive  us,  did  we  not,  from  experience, 
I  orrect  the  impression. 

Advantage  is  taken  of  this  in  many  ingenious  optical  deceptions, 
which  have  been  devised  of  late  years,  such  as  the  Ghost,  invented 
by  Dr.  Pepper,  of  London,  the  Floating  Head,  the  Sphinx  and  the 
Proteus.  I  do  not  attempt  to  show  you  any  of  these,  because  the 
existing  conditions  of  size  and  arrangement  in  this  house,  unfit  it 
for  such  a  purpose.  But  I  will  briefly  describe  one  of  them,  which 
will  illustrate  the  facts  just  mentioned,  and  the  principle  involved  in 
all  these  devices. 

The  Ghost  is  thus  arranged.  A  large  sheet  of  unsilvered  plate 
glass  is  placed  across  the  stage,  near  the  front,  as  at  ab.,  care  being 
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taken,  by  disposal  of  architectural  ornaments  at  its  ends  and  arrange- 
ments of  light,  to  conceal  its  existence  from  the  audience.  A  figure 
or  person  robed  to  represent  the  ghost  or  spirit,  is  placed  at  CD,  be- 
neath the  stage,  and  brilliantly  illuminated  with  a  lime  light. 


The  rays  of  dilYused  light  from  this  figure,  passing  through  the 
trap-door  above  it,  are  reflected  from  the  glass  into  the  eyes  of  the 
audience  at  o,  precisely  as  if  they  came  from  an  object  situated  at 
ET,  and  the  presence  of  the  reflector  being  unknown,  the  deception 
is  very  perfect. 

The  various  points  above  noticed  show  us  that  the  kind  of  reflec- 
tion by  reason  of  which  the  moon  shines,  is  diffused,  and  not  regu- 
lar, for  if  the  moon  were  a  polished  ball,  she  w^ould  shine  but  as  a 
single  point  or  star  of  light,  as  does  any  smaller  polished  ball  or . 
bead ;  and  even  if  (disregarding  all  astronomical  fact)  we  assumed 
the  moon  to  be  a  vast  flat  polished  disk,  it  could  only  then  show  us 
an  image  of  the  sun,  which  would  be  entirely  lost  by  a  very  slight 
change  in  our  relative  positions. 

The  moon,  then,  must  possess  an  irregular  surface,  which  scatters 
the  light  rays  of  the  sun  falling  upon  it,  in  all  directions,  so  that 
we  receive  some  of  them  whenever  we  are  anywhere  within  sight 
of  her  illuminated  face.  Like  the  light  similarly  reflected  from 
other  familiar  objects,  this  Avill,  therefore,  by  its  changes,  differences, 
and  irregularities,  reveal  to  us  the  character  of  the  body  by  which 
it  is  thrown  off,  and  in  this  way  we  shall  now  use  it  in  a  study  of 
the  moon's  topography,  structure  and  scenery.* 

*  The  frontispiece  of  this  article,  representing  the  Lunar  Volcano,  Copernicus, 
and  its  vicinity,  as  seen  by  earth  light,  which  will  be  more  fully  mentioned  in 
future,  is  engraved  from  one  of  the  admirable  drawings  made  by  Mr.  James 
Ilaniilton,  to  illustrate  this  lecture  by  the  use  of  photographs  taken  from  them,  and 
projected  on  the  screen. 

(To  bo  continued.) 
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CHEMICAL  EXPERIMENTS  FOR  THE  LECTURE-TASLE. 

By  Prof.  Albert  R.  Leeds. 
(Concluded  from  page  420.) 

Tf/nilion  of  Snlphnr  and  Phosphorus  in  an  atmosphere  of  O-iyqen. 
— Through  the  cork  of  the  apparatus,  figured  on  page  319  of  the 
second  American  edition  of  Graham's  Elements  of  Inorganic  Chem- 
istry, to  illustrate  the  continued  manufacture  of  phosphoric  acid, 
and  which  may  likewise  serve  for  the  formation  of  sulphurous  acid 
by  direct  combustion,  two  copper  wires  are  passed  at  diametrically 
opposite  points.  The  lower  ends  of  these  copper  wires  are  con- 
nected by  fine  platinum  wire,  three-quarters  of  an  inch  in  length. 
The  wires  are  then  forced  down  into  the  bottom  of  the  porcelain 
crucible,  and  the  platinum  covered  with  pieces  of  phosphorus  or 
sulphur.  The  outer  ends  of  the  copper  wires  are  connected  with 
the  poles  of  a  galvanic  battery,  consisting  of  two  Bunsen  cells. 
The  brilliant  flash  of  light  which  ensues  upon  making  a  connection 
with  the  battery,  standing  perhaps  many  feet  off,  is  of  a  striking 
description.  An  attempt  was  made  to  start  the  combustion  of  iron 
wire  in  oxygen,  in  a  similar  manner,  by  connecting  the  ends  of  two 
iron  wires  b}^  a  piece  of  platinum  wire,  a  quarter  of  an  inCh  in 
T(Migth ;   bnt,  although  the  connecting  wire  became  incandescent, 

iron  did  not  ignite.  It  may  be  that  a  stout  piece  of  platinum 
and  a  large  battery  would  succeed,  but  the  employment  of  a  greater 
number  of  cells  than  two  was  not  thought  worth  while. 

Xew  forms  of  Aspirators. — On  page  49,  July  number,  1867,  of 
the  Journal  of  the  Franklin  Institute  will  be  found  a  drawing  of  a 
large  glass  tank  for  exhibition  of  chemical  experiments.  One  of 
the  two  lateral  reservoirs  figured  in  the  engraving,  will  be  found  a 
very  convenient  aspirator  for  drawing  oxygen  through  the  globe 
spoken  of  above,  as  being  employed  to  illustrate  the  continued 
manufacture  of  phosphoric  acid,  or  for  similar  experiments.  The 
construction  of  the  aspirator  is  as  follows :  Close  to  the  bottom  of 
a  japanned  tin  pail,  which  is  ten  inches  in  depth  and  eight  inches  in 
diameter,  a  brass  stop-cock  is  fastened  and  allows  the  water  to  run 
otf  into  a  bucket  placed  on  the  floor.  Thf  tube  of  the  stop-cock, 
which  is  somewhat  longer  than  usual,  has  a  short,  vertical  tube 
fastened  into  its  upper  surface,  in  fnmt  of  the  stop-cock.  This  ver- 
tical tube  is  connected  hy  means  of  an  India-rublu-r  Xnho,  with  the 
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■wash  bottle  or  other  vessel,  tlirough  which  air  is  to  he  drawn.  Ob 
partially  opening  the  cock,  the  deficiency  of  water  in  the  pi]:)e 
leading  to  the  bucket  is  supplied  by  a  continued  current  of  air 
drawn  in  through  the  vertical  tube. 

A  still  simpler  contrivance,  when  there  is,,  as  there  should  be,  a 
hydrant-cock  ak  the  back  of  the  lectuie-table,  is  t€>  attach  a  two-way 
tube,  made  in  the  form  of  a  Y,  to  the  hj^drant.  The  wide  upward 
arm  carries  ofl'the  stream  of  water,  and  the  air  is  di^awn  in  a  rapid 
current  through  the  narrow  arm. 

The  gasometer,,  which  is  figured  and  explained  in  another  part  of 
this  number  of  the  Jownal,  serves  also  as  an  aspirator  for  small  bu^ 
regular  amounts  o£  gas,  and  has  the  further  advantage  that  no  water 
besides  that  which  is  contained  in  the  apparatus  is  required. 

Cell  for  exliihiting  Ulectrohjsis-  uj^oti  the  Streen. — A  glass  tank^ 
similar  to  that  above  mentioBed,  as  described  by  Prof.  Morton,  in 
the  October  number,  page  281  of  the  Journal^  may.be  employed 
for  the  following  exjDeriments  also.  The  two  upper  clamps,  how- 
ever, contain  in  addition  a  screw  passed  through  the  ead  faces  of 
the  front  corners  of  the  clamps,  as  seen  in  the  drawing,  and  serve 
for  the  adjustment  and  fixing  of  the  two  copper  wires  which  form 
the  poles  of  the  battery.  These  wires  are  connected  below  the  two 
"upper  clamps  by  means  of  binding-screws  with  the  battery,  and 
rising  to  the  height  of  two  or  more  inches  above  the  cell,  curve 
downward  so  as  to  form  an  inverted  U,  and  terminate  in  strips  of 
platinum  foil  the  one-eighth  of  an  inch  wide,  and  two  inches  in 
length.  The  electrodes  are  separated  by  a  thin  partition  of  India- 
rubber,  which  terminates  about  the  three-eighths  of  an  inch  above 
the  bottom  of  the  cell,  and  thus  allows  a  free  passage  to  the  galva- 
nic current,  without  any  admixture  at  the  same  time  of  the  anion 
and  cathion.  It  is  best  to  make  the  tank  quite  small — three  inches 
square  is  sufficient — and  to  employ  an  inverting  prism  in  the  lantern 
used  to  project  the  decompositions  on  the  screen.  In  this  way,  the 
audience  will  obtain  a  clear  idea  of  what  otherwise  appears  froni 
its  complicated  look  as  seen  upon  the  screen,  quite  difficult  of  com- 
prehension. When  a  dilute  solution  of  potassic  iodide  and  starch 
is  introduced  in  the  tank,  and  a  connection  is  made  with  the  battery, 
a  dark  blue  cloud  at  once  encircles  the  electro-positive  pole.  Every 
time  the  connection  is  made  or  broken,  the  slight  jar  imparted  to 
the  electrode  sends  off  a  fresh  wavelet  of  starch  iodide  into  the  sur- 
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■onndJing  colorless  fluid,  until  finall}-,  one-lialf  of  the  screen  becomes 
invisible,  the  other  half  remaining  clowdless.  On  reversing  the 
electrodes,  the  whole  tank  becomes  opaque. 

WheJi  the  tank  contains  a,  neutral  solution  of  potassie  or  sodic 
■^iTlphate,  the  change  of  a  solution  of  litmus  from  purple  to  red  at 

lie  anode,  or  of  one  of  violets  or  red  cabbage  to  red  at  the  anode, 
and  green  at  the  cathode,  or  of  cochineal  to  ^'■ellow  at  the  ajiode,  and 
purple  at  the  cathode,  may  be  shown.  The  last  exjicrimeiit  is  not 
very  satisfactory,  on  account  of  tlie  slight  alteration  of  tint 

If  the  electroljitic  cell  contains  brine,  the  bleaching  action  of  the 
chlorine,  Avhi-cli  is  libei-a-ted  at  tlie  eJeotro-positire  j;>ole^  u]>0n  litmus, 
ink,  magenta,  cochineal,  &c.,  may  be  showju  It  soems  very  singu- 
lar, that  whale  ansi  ink  (the  one  employed  was  made  of  logwood  and 
bichromate  of  potash)  may  be  bleached  to  such  an  extent  as  to  allow 
the  light  to  pass  freely  through  the  electro-posit  ire  side  of  the  de- 
(■(!>mposing  cell,  a  deeply  colored  solution  of  litmnas  will  not,  and 
this  too  though  the  eleotro-cegative  side  of  the  tank,  to  one  look- 
r^?  directly  at  it,  appears  purple,  ajid  the  electro-positive  side  col- 

rlcs.-^  The  reason  is  to  be  found  in  the  .great  nuiiiber  of  particles 
of  bleached  organic  ma>tter  which  float  about  in  the  liquid,  and  ren- 
der it  turbid,  A  similar  diflGcuIty  is  encountered  from  the  o])aciiv 
produced  by  the  froth,  which  is  formed  hy  the  e^waping  bw.VdjJes  of 
aMs. 

hv pmrerif^nt  in  fJi-e  Consfmcfinn  «/"  ///•(?  }fafjir.  LariiiervL. — On  paire 

•"•'2,  August  number,  18*.*7t  of  the  Joiinml^  will  be  found  a  drawii)g 
<'!'  the  ^agi«  Lantern,  in  tlie  greatly  improved  form  employed  by 
rr<«r,  M<Drt<»n,  and  on  j'tage  13i»  a  descro])tion  of  the  apparatus  for 
cirryiug  the  louses,  as  follows:  "The  leaises,  <kc.,  may  be  attached 
'•V  raeains  of  lirass  tubes,  to  tlie  cell  of  this  cojidciisea'^  b«t  wlicre 
it  is  desired  to  adapt  the  lantern  to  a  great  variety  of  uses,  <?«ch  as 
•'  ill  l*e  described  in  these  ]^apers,  it  is  Car  better,  or  rather  essential, 

'  have  a  sejxirate  su|ip(?rt  for  the  <»bjectives,  with  a  U-i^t  s]i;ice  for 
iinscrti^n,  jt  raj/"  gem  cut  and  reiH-'jval  of  'objects'  between,  For  tliis 
purpose,  the  most  <o<«nvenJeiit  and  'flexible"'  (we  J.ise  dx-,  word  in  a 
figurative,  -not  literal  sense)  arrai?.igcment,  is  that  showji  i.ia  tAie  eut. 
A  flat  stj'ip  of  black  wahuit,  mahogany,  or  cherry,  is  attached  t(* 
the  front  of  the  box,  as  shown  at  K  L,  and  upoji  it  >'lides  an  upright 
Jrame,  M  N,  imto  the  grooves  of  which  drop  jneces  provided  with 
rings  like  i,  fitting  the  various  ijistruments  to  be  employed.'     t 
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have  somewliat  modified  tlie  above  construction,  and  I  believe  tliat 
Prof.  Morton  thinks  to  advantage,  by  fastening  the  upright,  wliich 
carries  the  cells  for  the  lenses,  permanently  to  the  flat  strip  of  wood, 
and  making  the  latter  slide  in  and  out  to  the  extent  of  twelve  inches, 
between  wooden  grooves  cleeted  to  the  bottom  of  the  lantern  box. 
This  gives  such  firmness  to  the  lantern,  that  it  is  independent  of  the 
table  upon  which  it  is  placed  for  support,  and  it  may  be  tilted  at 
every  angle  without  any  fear  of  displacement  of  parts  from  the 
weif^ht  of  the  brass  cell  of  the  objectives,  &c.  When  not  in  use, 
the  lenses  may  be  pushed  back  against  the  front  of  the  lantern,  so 
as  to  occupy  the  least  possible  space,  and  when  required  they  may 
be  drawn  at  once  into  position. 

J)ruftln(j  and  Writing  npon  the  Screen. — It  is  often  desirable  to 
write  out  chemical  formula?,  or  to  perform  some  simple  numerical 
calculation,  or  to  make  a  diagram  of  some  apparatus,  before  an 
audience  in  a  large  room.  This,  which  would  be  difficult  of  accom- 
plishment 1)V  ordinary  methods,  may  be  satisfactorily  performed  in 
the  following  manner.  A  sheet  of  clean  glass,  or  what  is  more  strik- 
ing in  appearance,  a  })late  covered  with  an  opaque  film  of  black- 
ened collodion,  is  placed  in  front  of  the  condenser,  and  then  the 
writing  or  drawing  is  executed  npon  it;  in  the  former  case,  with 
India-ink,  in  the  latter,  with  a  sharp  point.  An  inverting  prism 
placed  in  front  of  the  objective  brings  the  writing  into  its  natural 
position  with  respect  to  toj)  and  bottom,  and  the  inversion  of  the 
picture  with  respect  to  right  to  lel't,  instead  of  being  in  this  case  a 
disadvantage,  effects  the  veiy  object  in  view.  For  the  writing  which 
is  executed  by  the  lecturer  while  facing  his  audience,  is  itself  inverted 
■with  respect  to  a  lantern  facing  in  an  opposite  direction. 

Transpiration  of  Gases. — On  page  14,  of  Tlie  StudenCs  Practical 
Clwrnistri/,  Avill  be  found  a  descri})tion  of  the  ap])aratus  which  is 
usually  eni})loyed  to  illustiate  the  transpiration  of  gases  through 
porous  partitions.  Il",  instead  of  eni[)loying  a  straight  glass  tube  to 
di))  down  into  the  vessel  tilled  with  colored  liquid,  one  is  eni[)loyed 
which  has  been  bent  into  three  or  more  spirals  at  different  parts 
of  its  course,  so  as  to  cause  the  liquid  to  run  round  upon  itself  many 
times  in  its  upward  course  tlirough  the  tube,  the  experiment  takes 
a  mueh  more  pleasing  and  striking  appearance. 


Proceedings  of  the  Stated  Monthly  Meeting,  May  30th,  1868. 

The  meeting  was  called  to  order,  with  the  Prosideut,  Mr.  J. 
Vaughan  Merrick,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  ^[anagers, 
and  reported  the  donations  to  the  library  received  at  their  stated 
meeting,  held  May  13th  inst.,  iromthe  Royal  Astronomical  Society, 
the  Chemical  Society,  the  Society  of  Arts,  and  William  Leighton 
Jordan,  F.  R.  G.  S.,  London ;  TAcademie  des  Sciences,  la  Socit't*^ 
d'Encouragement  pour  I'lndustrie  Nationale,  Paris,  la  Socictc  In- 
dustrielle,  Mulhousc,  France;  der  K.  K.  Geologischen  Reichsanstalt, 
Vienna,  Austria;  Major  L.  A.  Huguet-Latour,  Montreal,  Canada; 
<  ommodore  B.  Y.  Sands,  Superintendent  U.  S.  Naval  Observatory, 
Washington,  D.  C;  James  B.  Francis,  Esq.,  Lowell,  C.  L.  McAlpine, 
E-q.,  C  E.,  Stockbridge,  and  E.  11.  Derby,  Esq.,  Boston,  Mass.; 
Young  Men's  Association,  Buftalo,  N.  Y. ;  John  Alexander  Ferris, 
Esq.,  San  Francisco,  California;  and  George  E.  Clianibers,  Ks(|., 
Reuistrar  of  Board  of  Health  of  Philadelphia. 

The  various  Standing  Committees  reported  their  minutes. 

A  paper  upon  "  Pneumatic  Bridge  Foundations,"  by  Mr.  O.  Clia- 
niite,  was  read  by  the  Secretary. 

The  Secretary's  Report  on  Novelties  in  Science  and  the  Mechauio 
Arts  was  then  read. 

After  which,  on  motion,  the  meeting  adjourned. 

UEXHY  MoiiTOX,   Srcrrlanj. 
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^''•iinlnijue  of  PJiilosoplt icul  Apparatus.    E.  S.  Ritchie  c^  Sons.    Boston, 

1  S(J8. 

We  have  just  received  the  above,  which  is  a  new  edition  of  Mr, 
Ritchie's  well  known  illustrated  Catalogue,  which,  as  many  of  our 
readers  know,  is  the  most  extensive  and  best  executed  work  of  the 
kind  ever  produced  in  this  country. 
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The  present  edition  is  worthy  of  special  note,  by  reasons  of  seve- 
ral additions  which  have  been  made,  and  certain  alterations  intro- 
duced to  keep  pace  with  late  discoveries,  and  inventions  in  the 
direction  of  physics. 

A  few  oF  these  novelties  we  will  here  notice.  Tims,  on  p.  4,  is 
nshown  a  very  neat  and  compact  arrangement  for  the  illustration  of 
pulleys,  the  capstan,  &c.,  possessing  many  advantages  over  tliat 
heretofore  in  use.  On  p.  11,  an  exceedingly  well  arranged  and  sub- 
stantial hydraulic  press.  On  pages  13  and  15,  is  figured  (entire  and 
in  detail),  Mr.  RitGhie''s  new  air-pump,  described  in  this  Jourmtl,  p- 
13,  of  the  present  number.  On  p,  21,  is  shown  Edson"'s  Ilygro- 
deik,  fuMy  described  in  this  JeurnnI,  Vol.  LV,,  p,  67.  On  p.2(i,  an 
improved  form  of  Natterer"'s  apparatus  for  liquefying  gases.  On  p. 
27,  Mr.  Ritchie's  iniproved  form  of  the  Iloltz  Machine,  described 
in  this  Jaur-ival,  Vol.  LIII.,  p,  344.  On  p.  34,  Mr,  Ritchie's  Liquid 
Compass,  fully  described  in  this  Journal,  Vol,  LV.,  p,  218.  On  p. 
41,  a  large  number  of  Teissier's  Tubes,  which  Mr.  Ritchie  is  the 
first  to  manufacture  in  this  country,  and  thus  puts  within  reach  of 
all,  these  most  beautiful  of  modern  instruments,  without  the  risks 
and  annoyances  attending  importation.  On  p,  42,  we  find  Prof. 
Lyman's  apparatus  for  the  illustration  of  wave  motions,  a  full  ac- 
count of  which  will  be  published  in  our  next  issue.  Oji  p.  48,  we 
find  various  new a})paratus  devised  hy  Koenig,  to  illustrate  musical 
vibrations  by  m-ean.s  of  the  images  of  flames  (controlled  by  the 
vibrating  body),  in  revolving  mirrors.  On  p.  54,  account  is  given 
of  magic  lanterns,  with  many  of  the  aicces-sorics  described  in  various 
papers  on  this  subject,  which  we  have  published  during  the  last 
year.  There  are,  beside  these,  other  novelties,  which  our  space  is 
too  curtail<?d  to  notice,  and  the  entire  catalogue  will  be  of  great  value 
to  all  coMoerned  with  physical  researches  or  demonstrations. 


AVk  have  received  fmm  J.  B,  Lippineott  &  Co.,  md  will  notice 
in  our  next  issue.  The  MecIiamW  Tool-Bonl:  l\y  W.  B.  Harrison, 
And  The  P  met  in,  I  Use  of  the  Bhw-Pipe.  By  (r.  W.  Plympton, 
A.  M..  l.oth  publishc^d  by  IX  Van  Nostrand,  New  York, 
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A  Comparison  of  some  of  the  Meteorological  l*henomejia  of  ^FAT,  T8fi8,  with  thofe 
of  May  1807,  and  of  the  same  utonthjor  sevkxtkkn  years,  at  rhiladeljihia,  }'a, 
iiuroiueter  (in  feet  iibove  mean  tide  in  the  Delawiire  Kiver.  Latitude  89°  57A' 
K.;  Longitude  75°  \\y  W.  from  Greenwich.  By  Prof.  J.  A.  KikkpatricK;. 
of  the  Central  High  School. 


Thcriiooraeter — Highest — degree : 

diite ; 

Warmest  day — mean  . . 

"  "       date 

Lowest — degree 

'•  date 

Coldest  day — mean 

"         "       date ' 

Mejiii  daily  oscillation,..; 

*■'         "    range I 

Means  at  7  a.  m 

"  2  p.  M 

"  9  p.  M « 

"       forthe  month.... 

Barometer — Highest — inches 

"        date 

Greatest  mean  daily  pressure 
"         "        date... 

Lowest — inches 

"        date 

Least  mean  daily  pressure... 
"         "         "        date... 

Mean  daily  range 

Means  at  7  A.  M  

"         2  p.  M 

♦'         9  p.  M 

"   for  the  month 

Force  of  Vapor — Greatest — inches 

"  date 

Least — finches 

"     date 

Means  at  7  a.  m 

2  p.  M 

"  9  p.  .M, 

"    forthe  month... 
liolatiTeUumidity — Greatest — percent 

"  date 

Lea&t — per  cent.... 

"    date 

Means  at  7  a.  m.... 
"  2  p.  M.... 

"         9  p.  M.... 
"  forthe  month 

Clouds — Number  of  clear  days* 

"  cloudy  days  

Means  of  sky  covered  at  7  a.  m 
"  "  "         2p.  M 

"  "  "         9  p.  M 

"  "         for  the  month  I 

Rain — Amount — inches  I 

No.  of  days  on  which  rain  fell 

Prevailing  Winds— Times  in  1000 n. 


77-00° 

3(nh. 
6b<()0 

80th. 

40  00 

3d  «&  8tb 

48  83 

8th. 
14-80 

4-05 
54 -82 
63-50 
57- 19 
5834 
30  209 

12th. 
30- 195 
11th. 
29-375 

7th. 
29-492 

7th. 

0144 
29846 
29-835 
2<J-841 
29-841 

0-592 

27th. 
•177 
8th. 
•338 
•376 
•379 
-364 
970 

7th. 
300 

10th. 

78^7 

641 

197 

742 

4- 
27- 
80-3  per  ct 
77-7 
61  6 
73-2 

6-890 
13. 
21°32'e.246 


87  00° 
29lU. 
78-67 
2'.ttlj. 
36  (»0 
4tb. 
43  17 

3«l. 
17-64 

5-30 
5410 
04^92 
56-50 
58-53 
30-423 

4th. 
30  367 

4lh. 
28  778 

8th. 
29-013 

8lh. 

0-214 
29-855 
29.8(14 
29  836 
29-832 

0-625 
29tli. 
•139 

4  th. 
•310 
•305 
•S20 
-812 
960 

8th. 
29-0 

2d. 
71-3 
48-1 
67  5 
623 

7* 
24- 

62-8  per  cl 
67-9 
500 
60  2 

7  070 
12- 
8  82°24'w.099 


90  00O 
7,  '60;  23.  '63. 
79-83 
2:'.d,  '63. 
35-(.0 
7th,  '54. 
411-00 
3d,  '61. 
16-85 
5-51 
58-02 
69  06 
60-93 
62-67 
80-4-J3 
4lh,  '67. 
3i>.o67 
4th,  '67. 
28-778 
8th.  '67. 
29-013 
8th,  '67. 
0128 
29-e^02 
29-766 
2'.t-791 
29  786 
0-771 
14th, '54. 

•069 
2d,  '61. 
•352 
•3()8 
•375 
•365 
100  0 
Often. 
16-0 
6th,  '55. 
71-4 
51-7 
69  0 
64^0 
95 
21-5 

60-lperct 
62-5 
48  6 
571 
5071 
12-5 
n76°6'w.  Ill 


*  fc>ky  oDc-thinJ  t>r  less  covered  at  the  htmrs  of  oWrvation. 
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Meteorolofjy  of  Philadelphia. 


A  Comparison  o/ .<!ow«  of  the.  Mefenrolofitral  Phenomena  of  the  SpRiNa  of  1868, 
vnth  that  of  1807,  and  of  the  same  Season  for  riKVENTEKN  yearn,  at  Philadel- 
phia, Pa.  iiaronu'tt-r  0  t  feet  above  nienii  tide  in  the  Delaware  Kiver.  Latitude 
'69'  57^^  N  ;  Longitude  75°  1^^  W.  truni  Greenwich.  By  Prof.  J.  A.  Kiukpat- 
RICK,  of  the  Central  High  School. 


Spring, 

Spring, 

Spring, 

1808. 

1867. 

for  1 7  years. 

Thermometer— Highest— degree 

77  00 

87^00 

90  00 

i<             date 

May  30. 

08  00 

May  29. 
78-67 

May  7,  "60.  '23,  '63 

"Warmest  day — mean  — 

79-83 

•'             "       date 

May  30. 

May  29. 

May  23,  '63. 

Lowest — decree 

6*00 

2O-00 

4-00 

**          date 

Mar.  4. 
10-83 

Mar.  15. 
25-67 

Mar.  10,  '50. 
10-83 

Coldest  day — mean 

"   *     "        date 

Mar.  3. 

Mar.  18. 

Mar.  3,  '68. 

Mean  daily  oscillation... 

15-76 

16  01 

15-95 

"         '*     range 

6-45 

5-62 

6-01 

Means  at  7  a.  m 

44-05' 

45-15 

40  61 

"          2  p.  M 

64-21 

55  38 

57  71 

"          9  p.  M 

48-119 

48^71 

50-39 

"     for  the  Spring 

48-78 

49  75  . 

51  57 

Barometer Highest — inches 

3O-000 

30-485 

30-UOO 

"          date 

Mar.  6. 

Mar.  15. 

Mar.  0,  '08. 

Greatest  mean  daily  pressure 

30-544 

30-450 

30-544 

"         "         date... 

Mar.  5. 

Mar.  15. 

Mar.  5.  '08. 

Lowest — i  nclies 

29-115 
Mar.  2. 

28-778 
]\lav  8. 

28-778 
May  8,  '07. 
28  959 

"           date 

Least  nieiin  daily  presj^ure... 

:^9  2-19 

2'.^(il3 

''         '•         "         date 

Mar.  2. 

Mav  8. 

Ap.  21,  -52. 

Mean  daily  range 

0-214 

o";228 

01 07 

Cleans  at  7  A  M..«*.« 

29-974 
29  945 

29  951 
29-904 

29-8;i7 
29  791 

"               2  p.  M.  .    

"               9  p.  M 

29-954 

29-95.i 

0-592 

29-927 

29-927 

0-625 

29-822 
29-817 
0-771 

"     for  the  spring 

Force  of  Vapor — Greatest — inches 

"             date 

May  27. 
•042 

May  29. 
•060 

May  14,  '54 
•023 

Least — inches 

"       date 

Mar.  8. 
•236 

Mar.  29. 
•226 

Mar.  6,  '58. 
•249 

Means  at  7  A.  m 

"          2  p.  M 

•270 
•274 

•229 
•241 

•206 
•270 

"            9p.  M 

"      for  the  Spring 

•200 

■2^2 

•262 

Relative  Humidity — Greatest — per  cent. 

100-0 

96-0 

100-0 

"            date 

Mar.  23. 

May  8. 

Often. 

Least — per  cent 

30^0 

21-0 

13-0 

"        date : 

Often. 

April  6. 

Ap.  13.  52. 

Means  at  7  a.  m 

75^7 

701 

71-9 

"           2p.  M 

59-7 

50-3 

52-3 

"           9p.  M 

74^8 

66-2 

681 

"  for  the  Spring.. 

70-1 

62-2 

6  +  -1 

Clouds— Number  of  dear  days* 

17- 

23. 

27-1 

"               cloudy  days 

75- 

71 -5  p.  c. 

Oil- 
65-3  p.  c. 

64-9 

61    5  p.  C; 

Means  of  sky  covered  at  7  a.  m. 

"         "                2  p.  M. 

07-5 

60-6 

03-9 

"             "         "                9  p.  M. 

58-8 

51-4 

50  0 

"            "         "  for  the  Spring 

65-9 

OM 

58  5 

Rain  and  molted  snow — Amount— inches 

15-580 

14-100 

13-016 

>'o.  of  days  on  which  rain  or  snow  fell.. . 

37  • 

40- 

30  4 

Prevailing  Winds — Times  in  1000 

Nl5°35'\v-108 

n29°59'w.123 

n68°31'w.169 

*  Sky  one-third  or  less  covered  at  the  hours  of  observation. 
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ITEMS  AND  NOVELTIES. 

The  Hoosac  Tunnel. — Mr.  Latrobe's  Report. — A  possible 
misconstruction  of  some  remarks,  made  by  us  on  the  above  subject 
in  our  la.st  issue,  having  been  suggested,  we  take  tlie  earliest  oppor- 
tunity of  explaining :  that,  feeling,  as  we  must,  a  sincere  respect  for 
Mr.  Latrobe  and  his  professional  ability,  it  would  be  the  furthest 
thing  possible  from  our  intentions  to  speak  of  his  opinions  with  any- 
thing but  respect,  even  when  we  are  not  ready  to  support  his  views 
in  every  particular. 

If,  therefore,  any  phrase  we  have  used  should  have  an  air  of  irony, 
it  is,  in  our  estimation,  equally  unfortunate  and  opposed  to  our 
intention.  "VYe  should,  for  our  own  part,  never  have  imagined  that 
any  such  explanation  as  the  above  was  needed,  but  our  attention 
having  been  called  to  the  subject,  we  consider  it  equally  due  to  Mr. 
Latrobe  and  ourself  to  make  it. 

YoL.  LVI.— Third  Series.— No.  2.— Arcusx,  18G8.  10 
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That  a  playful  accusation  of  not  reading  the  Journal,  should  be 
supposed  to  cast  a  reflection  upon  any  person  or  thing  but  the 
Journal  itself,  for  failing  to  secure  readers,  never  entered  our  mind, 
and,  indeed,  we  sincerely  hope  that  the  unfortunate  construction, 
already  mentioned,  has  not  occurred  to  any  other  than  the  one  of  our 
friends  who  has  suggested  it  to  us. 

Safety  Hoisting  Apparatus,  exhibited  at  the  meeting  of  the 
Franklin  Institute,  June,  17th,  1868.  In  the  drawing,  A  is  the  hoist- 
ing cage  or  platform  on  which  the 
load  is  placed,  cc  are  two  levers 
having  fulcra  at  dd^  and  provided 
at  their  outer  extremities  with  teeth 
which  take  into  the  racks  ee,  ex- 
tending the  whole  height  of  the 
hoistway,  and  attached  to  vertical 
timbers  provided  to  receive  them, 
and  which,  at  the  same  time,  serve 
as  guides  to  the  cage. 

The  minor  ends  of  the  levers,  c  c, 
are  connected  with  the  main  chain 
or  rope,  a,  by  which  the  hoisting 
is  done ;  to  the  outer  ends  of  these 
levers  are  attached  ropes  or  chains 
which,  passing  over  leading  pullies, 
are  connected  with  a  counterbalance 
weight,/. 

The  stops,  g  g,  are  so  arranged 
as  to  allow  the  levers,  c  c,  sufficient 
motion  to  withdraw  the  teeth  from 
the  racks,  and  to  permit  the  cage  to  pass  freely  up  and  down  the 
hoistway. 

Should  an  accident  happen  to  the  hoisting  chain,  the  weight  of 
the  cage  instantly  comes  upon  the  counterbalancing  ropes,  and  the 
levers  being  drawn  out,  the  teeth  take  into  the  rack  and  the  cage  is 
prevented  from  falling. 

The  use  of  a  counterbalance  weight  is  of  further  service  in  re- 
ducing the  work  to  be  done  by  the  hoisting  engine.  This  appara- 
tus is  patented  by  Messrs.  Merrick  &  Sons,  of  this  city. 

Some  Novelties  in  Machine  Tools. — We  lately  spent  a  morn- 
ing very  pleasantly  in  going  over  the  admirably  arranged  works  of  j 
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Messrs.  Bement  &  Dougherty,  at  Twenty-first  and  Callowhill  Streets, 
in  this  city.  The  special  object  of  our  visit  was  an  immense  verti- 
cal boring  and  turning  machine,  which  had  just  been  completed  for 
the  United  States  Navy  Yard  at  Charlestown,  Mass. 

Beside  this  huge  mechanical  monster,  weighing  no  less  than 
l-iO,000  pounds,  and  capable  of  licking  into  shape  a  mass  of  iron 
23}  feet  in  diameter,  we  saw  and  took  note  of  various  other  pro- 
cesses and  things  which  will  be  of  no  little  interest  to  our  readers 
generally. 

One  of  these  we  shall  describe  at  the  present  time,  and  others  in 
subsequent  numbers. 

We  select,  as  the  first,  an  1^-inch  opening  die  bolt  cutter,  with  self- 
oiling  arrangement. 

Fig.  1,  Plate  I.,  is  a  cut  from  a  photograph  of  the  machine.  Plate 
II.,  Fig.  2,  is  a  longitudinal  section  of  the  spindle.  Fig.  3,  a  trans- 
verse section  of  the  spindle,  showing  internal  gear  and  segments. 
Fig.  4,  a  transverse  section  of  the  spindle,  showing  the  reversing 
spring.  Fig.  5,  a  front  view  of  the  spindle.  Fig.  6,  a  view  of  the 
spindle  head.     Fig.  7,  a  vertical  section  of  the  pump. 

Similar  letters  refer  to  similar  parts  throughout  the  several  views. 
A  is  a  hollow  cast  iron  frame  with  shelves  and  closet  door,  provided 
with  suitable  bearings  for  the  hollow  cast  iron  spindle,  B,  on  which 
is  secured  a  cone-pulley,  c,  in  place  of  which  gearing  is  used  for  larger 
machines.  A  disk,  D,  with  an  internal  gear  in  front,  and  a  flange  on 
the  outside  is  fitted  snugly  on  the  hub  of  the  cone-pulley,  c,  but  .so  as 
to  turn  freely,  its  motion  being  limited  by  the  ends  of  the  segments, 
E,  striking  against  the  spindle,  B.  In  the  rear  of  the  disk,  D.  is  a  coiled 
spring,  one  end  of  which  is  fastened  to  the  cone-pulley,  and  the  other 
end  to  the  disk,  D.  The  segments,  E,  are  keyed  on  the  ends  of 
eccentric  steel-spindles,  a  a,  which  turn  in  the  enlarged  part  of  the 
spindle,  B;  the  other  end  of  the  eccentric  spindle  works  in  a  slot 
of  the  square  steel  block,  i,  on  which  is  the  adjustable  die-holder, 
.  the  reversible  die,  cZ,  is  bolted  to  the  die-holder,  c.  The  spin- 
dle-head is  also  provided  with  two  tap-holder  jaws,  e,  thus  obvi- 
ating any  changing  for  tapping  nuts.  When  the  dies  are  to  be 
opened  the  handle,/,  on  the  brake,  g,  is  moved  in  a  vertical  posi- 
tion, thus  clamping  the  flange  on  the  disk,  d,  by  the  brakes,  g  and 
/t,  which  slide  in  a  bearing,  i.  The  disk,  D,  being  held  from  re- 
volving, causes  the  segments,  E,  to  turn,  and  with  them  the  sj)indlcs, 
a  a,  thus  raising  the  die-holder  blocks  with  the  dies.  By  turning 
the  handle,  /,  back  again  the  coiled  spring  forces  the  disk  back 
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again,  and  with  it  the  segments  into  the  cutting  position.  The  seg- 
ments are  provided  with  a  piece  of  leather  on  one  end  to  prevent 
the  noise  when  being  forced  back  by  the  spiral  springs.  The  pump, 
F,  is  fastened  in  the  reservoir  cast  for  it  in  the  frame.  The  hollow 
plunger,  /c,  has  a  small  roller  on  top,  and  is  forced  down  by  an  ec- 
centric on  the  spindle,  B,  and  is  held  up  against  it  by  a  spiral  spring, 
thus  effecting  a  reciprocating  motion ;  the  oil  is  strained  by  a  seive, 
thus  allowing  it  to  be  used  over  and  over  again. 

The  tapping  or  sliding-head,  g,  Fig.  1,  is  forced  up  by  a  lever,  Z, 
having  a  pawl  connected  to  it  which  works  in  a  single  rack  fastened 
on  the  end  of  the  main  frame,  central  between  the  slides.  The 
weight  of  the  lever  will  keep  the  pawl  out  of  the  rack,  allowing 
the  sliding-head  to  be  drawn  back  by  hand.  The  nuts  to  be  threaded 
are  held  between  the  sliding  jaws,  m  and  w.  Fig.  1,  by  a  right  and 
left-hand  screw  worked  by  the  spider,  o. 

[We  owe  the  three  following  items  to  the  kindness  of  Prof.  De 
Volson  Wood :] 

The  Tunnel  at  Washington  Street,  under  the  Chicago  Eiver, 
is  progressing  favorably.  The  old  company  commenced  their  work 
close  to  the  river,  and  excavated  vertically  down ;  but  the  present 
company  commenced  at  the  ends  and  are  approaching  the  river  both 
ways.  The  main  tunnel  forms  a  double  track  passage,  and  a  sepa- 
rate tunnel  in  the  same  excavation  a  passage  way  for  footmen. 

A  coffer-dam  encloses  half  the  width  of  the  river,  and  an  open 
cut  will  be  made  to  the  centre  of  the  river,  and  the  tunnel  built  to 
the  end  of  the  excavation  and  closed. 

The  water  will  then  be  let  in  and  the  other  half  enclosed  in  a 
similar  way,  and  the  remainder  of  the  cut  made  and  the  tunnel 
completed.     It  will  probably  be  ready  for  use  next  spring      W . 

Canadian  Mining. — There  are  large  mining  interests  in  Canada, 
which,  if  properly  encouraged  by  the  Government,  will  doubtless 
be  rapidly  developed,  and  bring  much  capital  and  public  enterprise 
into  the  dominion.  A  large  iron  mine,  pleasantly  located  on  Lake 
Marmora,  was  opened  forty  or  fifty  years  ago,  but  was  soon  aban- 
doned. Last  year,  a  company  was  formed,  composed  largely  of 
American  stockholders,  for  working  this  mine.  They  shipped  their 
first  ore  in  July,  1867,  and  this  year  they  are  moving  several  thou- 
sand tons.  The  mine  is  above  the  level  of  the  lake,  and  they  are 
now  working  200  to  300  feet  from  it.  The  ore  is  taken  on  cars 
from  the  mine  to  the  river  Trent,  about  eight  miles,  where  it  is  11 
dumped  on  barges  and  shipped  twenty-seven  miles  to  the  Cobourg 
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and  Peterborough  railroad;  thence  it  is  taken  on  cars  fourteen 
miles  to  Cobourg,  where  it  was  transferred  to  sailing  vessels  and 
shipped  to  furnaces  in  New  York  and  Pennsylvania.  The  Madoc 
gold  mines  are  twelve  miles  east  of  Lake  Marmora.  I  just  saw 
over  forty  dollars  worth  of  the  metal,  which  was  taken  from  half  a 
ton  of  the  ore,  but  practically,  they  have  not  succeeded  in  reducing 
it  at  the  mine.  A  gentleman,  who  claims  to  be  familiar  with  the 
business,  thinks  that  the  ore  is  similar  to  the  Colorado  ore,  and  when 
reduced  in  the  same  way  as  the  latter,  will  yield  large  profits. 

Large  iron  mines  still  further  east  were  opened  last  year  with  a 
fair  prospect  of  paying  well. 

The  gold  mines  of  Nova  Scotia  are  generally  good.  In  one  dis- 
trict, they  produced  last  jq^hv  over  $1,600  for  every  male  person  in 
the  district.  W. 

Loss  of  Power  in  Steam  Generators. — Steam  has  revolution- 
ized many  kinds  of  business  during  the  past  thirty  years,  by  cheap- 
ening the  products  of  industry,  but  could  we  utilize  one-fourth  the 
total  heat  in  the  fuel  used  for  generating  steam,  and  for  domestic 
purposes,  it  would  produce  a  greater  revolution  in  the  economy  of 
business  than  has  yet  been  witnessed.  According  to  Andrews,  one 
pound  of  anthracite  coal  has  sufficient  heat  when  burned,  to  raise 
14,220  pounds  of  water  one  degree  of  Fahrenheit's  scale,  which  mul- 
tiplied by  Joule's  equivalent,  772  foot-pounds,  gives  10,977,840 
foot-pounds.  If  the  pound  of  coal  produced  this  result  in  one  hour, 
it  would  be  equivalent  to  5|  horse-power. 

A  good  engine  will  produce  a  horse-power  from  four  pounds  of 
coal,  and  the  very  best  from  two  pounds ;  thus  utilizing  9  per  cent, 
in  the  latter,  and  4^  per  cent,  in  the  former.  W. 

American  and  English  Railway  Carriages  Compared. — 
We  extract  the  following  from  a  Buenos  Ayrian  paper,  being  part  of 
a  letter  written  by  the  (English)  traffic  manager  of  the  Northern 
Railway  of  Buenos  Ay  res: — 

"  We  find  also  that  three  American  carriages  only  weigh  one  ton 
more  than  two  English  make;  the  three  American  carriages  seating 
seventy-two  passengers  more  than  the  two  English,  against  the  same 
amount  of  dead  weight. 

"Their  expenses  of  repair  amount  during  the  past  ten  months  to 
$40,866,  currency,  or  $4,086  currency,  for  each,  whilst  during  the 
same  period,  the  American  carriages  have  not  cost  anything  for 
repair,  and  are  at  present  in  better  condition  than  those  made  in 
England,  although  they  have  been  in  constant  use  since  the  line 
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was  first  opened.   I  may  also  remark  that  their  chilled  iron  wheels 
scarcely  show  any  perceptible  wear. 

"  The  American  carriages  are  in  every  respect  a  better  and  more 
comfortable  carriage,  requiring  less  than  one-half  the  power  to  pro- 
pel them  that  is  necessary  for  the  carriages  of  English  constrviction. 
It  has  also  been  proved  that  the  English  carriages  are  much  more 
injurious  to  the  permanent  way  and  works,  and  likewise,  in  pro- 
portion, more  destructive  to  themselves  than  those  of  American 
construction."  (Signed)  J.  Boyd  Thomson, 

of  Glasgow,  Managing  Agent.     B.  A. 

Direct  Acting  Circular  Saw  Mills. — Of  late  years,  fast  run- 
ning engines  for  operating  lumber  mills,  have  obtained  firm  foot- 
ing in  the  west.  Small  cylinders,  with  short  stroke  of  piston,  and 
large  steam  openings,  are  frequently  found  running  at  the  rate  of 
five  to  six  hundred  revolutions  per  minute,  for  driving  large  circular 
saws,  the  saw  being  on  the  crank  shaft,  and  requiring  the  engine 
to  be  driven  the  same  number  of  revolutions  as  the  saiu.  This 
class  of  engines  is  mostly  built  at  Salem,  Ohio,  at  the  Buckeye 
Shops,  and  at  the  Salem  Iron  Works.  An  engine  lately  built  by 
the  letter  firm  for  a  party  in  the  State  af  Michigan,  was  of  the  fol- 
lowing dimensions :  Diameter  of  cylinder,  sixteen  inches ;  stroke  of 
piston,  twenty -four  inches;  running  two  hundred  revolutions  per 
minute,  and  driving  two  fifty-four  inch  circular  saws  (by  belts) 
seven  hundred  revolutions  per  minute.  One  of  these  saws  con- 
taining thirty  teeth  was  tested,  and  the  chips  (not  dust),  measured 
one-eighth  of  an  inch  each,  which  gives  a  cut  of  three  inches  and 
six-eighths  to  each  revolution  of  the  saw,  or  at  the  rate  of  two 
hundred  and  eighteen  feet  per  minute ;  but  allowing  for  time  to  run 
back  the  carriage  and  shift  the  log,  this  rate  will  be  reduced  fully 
one-half;  and  yet  this  seems  almost  impossible.  However,  we  have 
seen  and  measured  some' of  the  chips  that  were  forwarded  in  a  letter 
to  Messrs.  Sharp  k  Davis,  of  the  Salem  Iron  Works.  The  circular 
saw  was  made  by  Mr.  Henry  Diston,  of  Philadelphia,  to  the  order 
of  Messrs.  Sharp  k  Davis,  of  Salem,  Ohio.  This  engine  and  saw  are 
guaranteed  to  cut  fifty  thousand  feet  of  lumber  in  ten  working  hours 

Another  thing  in  these  steam  mills,  is  the  small  amount  of  steam 
room  or  boiler.  Below  is  the  result  of  a  trial  made  a  few  years 
ago  by  Messrs,  Sharp,  Davis  k  Bonsall,  of  the  Buckeye  Machine 
Shops,  of  Salem,  Ohio. 

"  We  attached  two  of  our  engines  to  a  single  boiler  sixteen  feet 
long,  forty  inches  in  diameter,  with  two  fourteen  inch  flues.     One 
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of  the  engines  with  a  six  and  a  half  inch  bore,  seventeen  inch  stroke, 
and  attached  directly  to  a  mulay  saw,  cut,  from  twenty-three  poplar 
logs,  12,229  feet,  all  inch  boards  except  1,100  feet  of  one  and  a  half 
and  two  inch  plank.  The  other  engine  with  a  six  inch  bore,  four- 
teen inch  stroke,  and  attached  directly  to  a  fifty-four  inch  circular 
saw,  cut  from  forty-three  poplar  logs,  14,948  feet,  all  inch  boards. 
The  work  was  all  done  between  the  hours  of  six  o'clock,  A.  M., 
and  5-10  P.  M.,  of  the  same  day.  Eunning  time  on  the  mulay  mill, 
nine  hours;  and  nine  hours  four  minutes  on  the  circular  mill — ' 
which  time  included  putting  on  and  off  the  logs.  Thus  we  have 
27,177  feet  of  lumber  sawed  in  nine  hours  and  four  minutes  by  the 
steam  generated  from  one  boiler  sixteen  feet  by  forty  inches,  two 
flues — being  equal  to  only  240  feet  of  fire  s-urface.  The  only  fuel 
used  during  this  trial  was  two  and  a  half  cords  of  slabs  and  poplar 
bark,  about  equal  quantities  of  each.  As  to  the  amount  of  fuel  thus 
used,  we  claim  no  particular  saving ;  for,  to  burn  that  amount  of  fuel 
under  that  boiler  in  so  short  a  time,  a  very  lively  fire  must  be  kept 
up ;  and  to  burn  the  same  fuel  in  the  same  time  under  a  similar 
boiler  of  fifty  per  cent,  more  fire  surface,  fifty  per  cent,  more  steam 
would  be  generated,  and  a  corresponding  amount  of  sawing  done." 

The  engine  is  placed  by  the  side  of  saw-frame,  and  its  shaft  ex- 
tends across  the  frame  and  receives  the  saw  directly  on  its  outer 
end — both  engine  and  saw  making  the  same  number  of  revolutions. 
The  boiler  is  usually  placed  so  as  to  bring  the  engine  immediately 
between  the  boiler  and  saw-frame,  but  it  can  be  placed  so  as  to  be 
most  convenient  to  the  fuel.  The  speed  of  these  mills  is  from  400 
to  500  revolutions  per  minute,  and  as  high  as  700. 

Occlusion  of  Gases  by  Metals. — We  have,  at  former  times, 
made  brief  notice  of  this  subject,  in  connection  with  the  theories 
now  best  supported,  as  to  the  chemistry  of  acieration  or  the  manu- 
facture of  steel  from  wrought  iron ;  and  also  in  connection  with  the 
subject  of  Celestial  or  Astronomical  Chemistry,  and  we  now  pro- 
pose to  make  a  more  complete  resume  of  the  whole  matter,  in  the 
shape  of  an  abstract  prepared  from  the  address  on  this  subject, 
delivered  by  Wm.  Odling,  M.  B.,  before  the  Royal  Institute,  May 
17th,  1867,  and  printed  in  the  volume  of  Proceedings,  just  published. 

The  fact  that  various  metals  heated  to  a  point  in  the  vicinity  of 
redness,  allowed  certain  gases  to  permeate  them,  first  noticed  by 
Deville,  in  the  case  of  iron  and  platinum,  was  proved  by  Graham 
to  exist  in  a  far  greater  degree  and  at  a  lower  temperature  with 
palladium,  which  allows  some  hydrogen  to  pass  at  240°,  and  a  con- 
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siderable  flow  at  265°  and  above,  thougli  imperviou^  to  air  even  at 
a  red  heat.  This  action,  was  also  shown  by  Graham  to  differ  entirely 
from  the  ordinary  phenomena  of  transpiration  and  diffusion,  and  to 
involve  an  absorption  of  the  gas  by  the  metal,  dependant  upon 
special  relations  between  the  two. 

Many  of  these  relations  have  been  carefully  tested,  and  some  of 
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the  results  will  be  found  above,  ^Ylle^e  we  bave  arranged  tbem  in  a 
tabular  form,  for  the  sake  of  brevity. 

The  substances  mentioned  were  heated  and  allowed  to  cool  in  an 
atmosphere  of  the  gas  named,  and  were  then  again  heated  in  a  glass 
or  porcelain  tube,  kept  exhausted  by  a  Sprengel  air  pump,  the  gas 
extracted  being  carefully  measured. 

Several  of  the  facts  expressed  in  the  above  table,  are  worthy  of 
special  note  and  consideration.  Thus  we  see  that  wrought  platinum 
absorbs  on  the  average  476  per  cent.,  or  about  five  times  its  vol- 
ume of  hydrogen,  but  this  is  the  bulk  of  the  gas  measured  cold 
after  its  extraction.  "When  it  was  absorbed,  the  temperature  was 
about  1400  F.,  which  would  give  it  a  volume  fifteen  times  that  of 
the  mass  of  platinum,  by  which  it  was  imbibed.  To  condense  or 
compress  the  gas  to  this  degree  in  a  space  otherwise  unoccupied, 
would  require  a  force  or  pressure  of  fifteen  atmospheres,  but  this 
compression  is  accomplished  in  a  space  already  occupied  by  one  of 
the  densest  of  metals,  the  interstices  between  whose  ultimate  parti- 
cles we  cannot  conceive  as  occupying  more  than  the  yu'oxjth  of  its 
total  bulk.  To  compress  the  fifteen  volumes  of  gas  into  this  space 
of  j^'g^th  of  a  volume,  would  demand  a  force  of  no  less  than  15,000 
atmospheres,  or  225,000  pounds  per  square  inch,  and  yet  to  this 
almost  inconceivable  power,  we  here  see  the  atomic  attraction  be- 
tween the  particles  of  the  metal  and  gas  is  proved  equal. 

But  if  this  statement  staggers  belief  even  in  the  face  of  demon- 
stration, what  shall  we  say  to  the  case  of  palladium,  which  absorbs 
not  five  but  643  volumes  of  the  same  gas. 

In  this  latter  case,  the  gas  so  occluded,  is  in  part  lost  at  ordinary 
temperatures  and  conditions  of  atmospheric  pressure,  but  with  pla- 
tinum the  gas  occluded  is  held  firmly  even  in  a  vacuum  at  220°, 
and  even  at  a  heat  a  little  below  redness.  At  a  temperature  suffi- 
cient to  soften  glass  (500°),  1-72  c.  c.  of  II  were  collected  in  ten 
minutes,  and  in  a  combustion  furnace  8*2  c.  c.  in  an  hour. 

The  temperature  required  for  absorption  of  hydrogen  by  plati- 
num is  much  below  that  at  which  the  gas  is  again  released ;  thus, 
some  foil  absorbed  76  per  cent,  at  100°,  and  145  per  cent,  at  230°. 

The  condensed  hydrogen  has  the  properties  of  the  nascent  gas. 
Thus,  palladium  so  charged,  reduces  permanganate  of  potash, 
bleaches  iodide  of  starch,  throws  down  Prussian  blue  from  ferrocya- 
nide  of  potassium. 

The  absorption  of  carbonic  acid  by  iron,  has  a  marked  connec- 
VoL.  LVl.— Third  Series.— No.  2.— August,  18C8.  11 


82  Editorial. 

tion  vvitli  the  theory  of  acieration,  as  we  have  pointed  out  on  a  pre- 
vious occasion,  when  this  fact  was  first  discovered,  and  applied  in 
this  explanation.  At  a  low  temperature  in  the  cementing  oven,  ako 
carbonic  oxide  (2  CO)  is  no  doubt  absorbed  by  the  iron,  and  at  a 
higher  heat  is  decomposed,  yielding  part  of  its  carbon  to  the  iron 
for  its  transfermation  into  steel.  Thus  two  equivalents  of  carbonic 
oxide  (2  CO)  liberate  one  equivalent  of  carbonic  acid,  and  giving  one 
of  free  carbon  to  the  iron.  The  carbonic  acid  as  it  escapes  produces 
the  well  known  phenomenon  of  blistering. 

We  also  see  that  wrought  iron  acquires  in  the  process  of  manu- 
facture, a  change  of  from  seven  to  twelve  volumes  of  carbonic 
oxide,  which  it  carries  with  it  ever  afterwards. 

To  the  conclusions  to  be  drawn  from  the  presence  of  hydrogen 
in  large  amount  in  meteoric  iron,  we  have  alluded  at  some  length 
before,  and  will  at  this  time  simply  insert  a  reference  to  this  former 
discussion  (see  Vol.  54,  p.  16  of  this  Journal.) 

The  Brooks  Insulator. — In  our  last  issue  we  promised  to  give 
the  results  of  tests  made  in  our  presence,  in  which  the  merits  of  the 
Brooks  Insulator  were  compared  with  those  of  other  forms.  We 
•will  now  give  the  tests  made  in  Philadelphia,  April  22,  1868.  The 
testing  instruments  employed  were  a  set  of  resistance  coils,  made  at 
the  Silverton  Works,  and  a  Kuhmkorff  Galvanometer  of  admirable 
construction,  whose  delicacy  was  such  that  the  contact  of  one  finger, 
with  a  brass  bending  screw  at  one  terminal,  while  a  finger  of  the 
other  hand  rested  on  a  copper  wire  at  the  other  terminal,  deflected 
the  needle  several  degrees.  The  results  are  reduced  to  ohmads  of 
resistance  to  make  them  comparable  with  the  Silverton  experi- 
ments, in  which  a  far  more  sensitive  galvanometer  was  employed, 
and  a  more  powerful  battery. 

The  constant  of  the  galvanometer  was  first  determined  by  pass- 
ing the  current  of  one  of  the  sulphate  of  mercury  cells  described 
by  Mr.  Chester,  p.  257,  of  our  last  volume,  through  a  resistance  of 
10,000  units  or  ohmads  and  the  instrument.  This  gave  an  actual 
constant  for  one  cell  of  6,160°,  or  for  the  entire  battery  of  151  cells, 
afterwards  employed,  of  930,160.° 

One  pole  of  the  battery  being  then  connected  with  88  Brooks 
insulators,  and  the  other  through  the  galvanometer  to  the  earth,  a 
deflection  of  8°  was  observed,  giving  for  each  insulator  a  deflection 
of  /g  =  -y^  of  a  degree,  which  represented  a  resistance  under  the 
conditions  described  above,  of  102,317,600,000  ohmads. 

At  the  same  date,  a  trial  was  also  made  with  22  earthenware  insu- 
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lators,  charged  with  paraffine  bj  the  same  method  as  for  the  other 
insulators.  The  deflection  in  this  case  was  17°  or  A|  per  insulator, 
which  being  reduced  as  before,  gives  12,037,365,1*02  ohmads. 

There  was  then  immediately  a  trial  made  with  22  glass  and  bracket 
insulators,  the  kind  generally  employed  in  this  country. 

The  deflection  here  measured  was  7852°,  or  356}^-  per  insulator, 
showing  a  resistance  in  ohmads  of  2,605,000. 

The  atmospheric  conditions  under  which  these  experiments  were 
made  were  as  follows:  It  had  rained  steadily  on  the  20th  and  21st 
until  evening,  when  a  fog  formed  and  continued  until  8  A.  M.  of 
the  22d,  when  the  deflections  were  greatest,  and  were  measured  as 
before  stated. 

The  Silverton  tests  on  March  31st,  the  time  of  greatest  deflection, 
reduced  to  ohmads,  stand  as  follows: 

United  Kingdom  Tel.  Co.'s  large  porcelain...  4.0S7.5!tO 

Varley's  double  porcelain  cup 3,270,0  0 

British  and  Irish  Mag.  Tel.  Co.'s  porcelain...  2,7i'o,OOJ 

United  Kingdom'sTel.  Co.'s  small  porcelain  3,27<\OJ'.) 

Brooks'  patent .' 40,875,OrO,0  0 

"           "     40,875,000,(00 

"           '«     163,500,0(0,000 

«'           ««     lug  for  crossarm 54,500,(-0ii,0t.0 

Several  points  are  here  worthy  of  remark.  First,  the  English 
tests  give  a  higher  actual  resistance  for  the  Brooks  instrument  than 
those  made  here.  This  is  undoubtedly  due  to  a  better  state  of  the 
weather.  Such  a  favorable  condition  for  putting  to  test  the  efficiency 
of  insulators,  as  was  furnished  on  April  22d,  is,  fortunately  for  the 
telegraph  company,  not  often  to  be  met  with.  Again  we  see  that 
the  various  English  insulators  tested  were  ahead  of  our  usual  glass 
and  bracket,  while  these  in  their  turn  were  left,  each  further  in  the 
rear,  by  the  Brooks  apparatus. 

The  constant  of  this  galvanometer  made  by  Ruhmkorff,  is,  as  we 
have  already  seen,  6160",  with  a  single  cell  through  10,000  ohmads, 
while  that  of  Prof.  Thompson,  used  in  the  Silverton  tests,  has  a 
constant  of  335°  through  1,000,000  ohmads,  or  100  times  the  resist- 
ance, thus  showing  that  the  delicacy  of  the  English  in.strument  was 
five  times  as  great  as  the  French. 

There  is,  indeed,  no  question,  that  in  all  such  matters,  if  connected 
with  the  application  of  scientific  principles  and  accurate  measure- 
ments to  the  practical  working  of  telegraphic  lines,  the  English  are 
decidedly  in  advance  of  all  other  nations.   On  the  other  hand,  there 
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are  a  vast  number  of  ingenious  contrivances  and  simple  ways  of 
securing  good  results,  in  constant  use  here,  which  are  unknown 
abroad. 

Effect  of  Surface  on  Kadiation. — In  a  late  address  before  the 
Koj-al  Institution,  Mr.  Balfour  Stewart  employed  the  following 
interesting  experiment.  A  cannon  ball  with  chalk  marks  upon  it, 
and  a  tile  with  a  pattern  in  white  and  black  upon  it,  were  heated 
to  redness  and  viewed  in  a  darkened  room,  when  it  was  found  that 
the  black  parts  of  both  objects  emitted  more  light  than  the  white 
ones. 

Hard  Water. — Dr.  Clark's  most  ingenious  process  for  softening 
hard  water  containing  carbonate  of  lime,  dissolved  in  excess  of  car- 
bonic acid,  by  adding  an  additional  amount  of  lime,  which,  taking 
up  the  free  carbonic  acid,  caused  all  the  carbonate  of  lime  (insolu- 
ble in  pure  water),  to  be  precipitated;  has  been  thoroughly  tried  in 
London,  but  proves  impracticable,  on  account  of  the  enormous 
quantity  of  precipitate  formed  where  such  vast  volumes  of  water 
were  treated.  This  we  learn  from  a  paper  read  before  the  Eoyal 
Institute,  by  Mr.  E.  Frankland,  Professor  of  Chemistry  to  that  insti- 
tution. In  the  same  paper,  we  learn  that  one-third  of  a  pint  of  milk 
contains  more  lime  than  two  quarts  of  this  very  hard  London  water, 
so  that  any  claim  to  importance  as  a  source  of  lime  to  the  system, 
is  thus  denied  to  that  otherwise  so  objectionable  beverage. 


LETTER  FROM  THE  ABBE  MOIGNO 

Paris,  July  30,  18(38. 

A  NOVEL  and  ingenious  microscope  has  been  invented  by  Signor 
Marco  Caselli,  of  Rome.  It  consists  of  a  magnifier,  one  of  whose 
sides  is  silvered  by  precipitation  with  the  aid  of  organic  substances. 
If  we  place  an  object  in  front  of  this  len?  at  a  proper  distance,  we 
obtain  a  well  magnified  virtual  image.  Two  convergences  and  one 
divergence  contribute  to  produce  the  magnifying  power : — 1.  The 
convergence  of  the  rays  entering  the  lens.  2.  The  divergence  of 
these  rays  by  the  silver  concave  mirror  at  the  back.  3.  The  con- 
vergence of  these  rays  on  quitting  the  upper  surface  of  the  lens. 

The  mirror- lens  is  placed  horizontally,  or  slightly  inclined,  so  as  to 
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b:;^  at  a  distance  the  image  of  the  object.  Above  it,  and  fastened 
to  the  same  pillar,  is  the  horizontal  diaphragm  on  which  the  object 
is  placed  ;  this  is  furnished  with  a  screw  and  rack-work,  so  as  to  be 
raised  or  lowered  at  will.  Above  this,  at  a  short  distance,  is  placed 
a  screen  of  white  or  almost  colorless  card-board,  at  an  angle  of  45 
degrees,  and  pierced  exactly  over  the  centre  of  the  mirror-lens,  with 
a  small  hole,  through  which  the  image  is  seen.  This  card  also  serves 
to  reflect  light  on  the  mirror-lens,  and  to  make  the  image  appear  on 
a  white  ground. 

With  this  microscope,  there  is  no  need  of  the  usual  lenses,  nor 
mirror  to  light  up  the  object,  since  the  mirror-lens  itself  causes  the 
light  to  converge  on  the  object. 

M.  Richner,  of  No.  4  Rue  du  llasard-Richelieu,  Paris,  has  invented 
a  very  ingenious  little  apparatus,  very  much  needed  for  announcing, 
by  a  bell,  the  arrival  of  the  moment  for  mounting  or  winding  up  a 
moderator  or  a  carcel  lamp,  especially  for  the  moderator,  in  order 
to  prevent  the  wick  from  smoking,  becoming  carbonized  and  being 
extinguished.  The  contrivance  consists  of,  1.  A  movable  clip,  which 
fits  into  the  space  between  two  teeth  of  the  vertical  rack  work  of 
the  lamp,  and  is  furnished  with  slotted  projections,  into  which  fits 
the  tail  of  a  hammer  or  striker.  2.  A  bell,  which  the  hammer 
strikes  when  the  fall  of  the  rack  brings  down  the  projection  of  the 
clip ;  this  is  placed  always  on  the  side  opposite  to  that  of  the  over- 
flow drip,  in  order  to  prevent  the  oil  from  inundating  the  bell.  "When 
the  rackwork  is  wound  up,  the  tail  of  the  hammer  lets  the  projec- 
tions of  the  clip  pass  by,  this  latter  then  assuming  its  natural  position. 

Two  new  steamers — the  first  of  the  kind  ever  built  here — have 
just  been  launched  in  the  very  bosom  of  Paris.  They  have  been 
constructed  by  M.  Casimir  Deschamps,  for  raising  sunken  vessels, 
and  they  received  the  names  of  Le  Perseverant  and  Le  Bonespoir. 
Their  peculiar  build  and  graceful  form  of  rig,  the  difficulties  under 
which  they  were  built  and  launched,  and  the  fact  of  M.  Deschamps 
having  been  originally  bred  up  as  a  sculptor,  render  the  details  of 
this  vessel  of  practical  interest  to  the  mechanical  world. 

Both  vessels  are  alike  in  size  and  rig ;  length  59  feet,  breadth  9 
feet  10 inches;  depth  10  feet  6  inches,  about  150  tons.  Commenced 
on  the  1st  October,  1867,  they  were  fully  completed  in  May  last, 
and  launched,  masted  and  rigged.  The  canal  of  La  Villette,  near 
which  they  were  built  is  only  Q%  feet  wide,  so  that  the  launching 
was  attended  with  extreme  difficulty.  What  is  most  extraordinary, 
is,  that  these  ships  of  wood,  strengthened  by  iron  ribs,  sheeted  with 


86  Editorial  Correspondence. 

riveted  iron  plate,  and  covered  with  Stockholm  tar,  all  complete, 
masts,  sails,  in  fact  everything  necessary  for  sea,  have  sprung  up  as 
if  by  enchantment,  without  any  master  shipwright,  engineer  or 
mechanician.  M.  Deschamps  made  his  drawings  in  a  small,  wooden 
office,  put  them  to  working  scale,  and  executed  them  himself,  aided 
by  simple  Parisian  carpenters,  joiners  and  smiths.  On  this  com- 
paratively gigantic  work,  he  spent  only  £4,800,  whereas  the  ship- 
builders  of  Havre,  Cherbourg  and  Nantes,  demanded  from  £6,000 
to  £6,400  for  the  same  work. 

As  the  first  of  their  kind,  these  boats  are  constructed  upon  a  com- 
pletely new  and  perfectly  combined  system.  By  their  rounded  form, 
which  gives  them  more  volume  and  stability,  they  remind  us  of  the 
good  steamers  which  ply  directly  between  Paris  and  London.  The 
hull  is  divided  longitudinally  into  two  portions,  containing  each 
thirteen  chambers,  separated  by  thick  iron  plate  diaphragms,  des- 
tined to  contain  alternately  water  and  air ;  perfectly  impervious  to 
w^ater  or  air,  under  a  pressure  of  five  atmospheres,  they  can  remain 
separate  or  be  made  to  communicate  with  each  other  at  will.  Two 
series  of  tubes,  furnished  with  valves  and  a  cock  opposite  each  com- 
partment, run  along  the  whole  of  the  deck,  in  the  middle,  and  place 
the  chambers  in  communication  with  the  pumps  which  either  exhaust 
the  water  or  pump  in  compressed  air.  Each  water  tight  compart- 
ment has,  besides,  a  man -hole,  so  that  the  bottom  can  be  inspected, 
or  a  boy  can  descend.  Lastly,  well-holes  have  been  made,  between 
the  two  longitudinal  series  of  chambers,  from  distance  to  distance, 
traversing  the  whole  of  the  ship  from  the  deck  to  the  water.  These 
are  for  the  passage  of  the  chains,  which  are  passed  under  the  sunken 
vessels,  in  order  to  raise  them. 

The  ends  of  these  chains  are  wound  round  a  very  massive  iron 
drum  of  a  windlass,  set  in  motion  either  by  steam  or  manual  power, 
and  capable  of  lifting  25  tons.  In  order  to  raise  a  shipwrecked  hull, 
either  one  or  both  of  the  vessels  can  be  used  according  to  circum- 
stances. The  method  is  very  simple ;  the  steamer  is  brought  ex- 
actly alongside  the  wreck,  and  the  compartments  are  filled  with 
water  sufficiently  to  sink  the  caissons  to  nearly  the  level  of  the 
water ;  the  chains  are  then  passed  under  the  sunken  hull,  and  wound 
tight  by  means  of  the  drums.  On  the  water  being  pumped  out  of 
the  steamer's  compartments,  the  wreck  is  raised  from  the  bed  of 
sand  or  mud  which  it  occupied. 

The  interior  dispositions  of  these  ships  are  no  less  satisfactory.  In 
the  forecastle  we  find  the  captain's  cabin  13  feet  square;  amidships, 
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the  air  and  water-tigbt  compartments;  abaft,  the  engineer's  and 
stoker's  berths,  the  coal  bunker,  the  boilers  and  engine.  There  are 
two  boilers,  one  of  five  another  of  ten  horse-power,  and  an  Ameri- 
can motor  of  ten  horse-power,  fitted  with  Giffard's  Injector,  &c. 
"We  are  able  to  state,  to  his  praise,  that  for  boilers,  engines  and  the 
rest  of  the  machinery,  as  well  as  the  propelling  screws,  M.  Des- 
champs  addressed  himself  to  the  most  careful  and  trustworthy  con- 
structors. He  has  neglected  nothing,  and  his  spirited  efibrts  we  are 
sure  will  be  crowned  with  complete  success. 

M.  Caron  (commandant),  has  published  a  memoir  on  the  compo- 
sition of  a  gaseous  mixture  serving  for  the  oxyhydrogen  light,  and 
a  new  material  to  be  substituted  for  the  magnesia  cylinders.  He 
hps  found  that  these  latter  cannot  resist,  indefinitely,  the  intense 
heat  produced  by  the  combustion  of  ordinary  coal  gas  mixed  with 
oxygen.  This  volatilization  of  the  magnesia  may  be  due  to  the 
formation  of  reduced  magnesium,  which  M.  M.  H.  Deville  and  Caron 
found  to  sublime  very  easily.  (This  is  the  process  now  most  in  vogue 
for  purifying  this  metal.)  Considering  that,  in  order  to  obtain  the 
greatest  light,  the  gaseous  mixture  should  always  contain  an  excess 
of  -hydrogen,  the  combustible  and  the  reducer,  M.  Caron  made 
experiments  in  which  he  measured  the  quantities  of  the  two  gases 
(pure  hydrogen  and  oxygen),  and  fully  demonstrated  the  above  fact. 
When  substances  oxydized  at  a  maximum,  but' capable  of  being 
reduced  to  a  minimum  by  hydrogen,  are  exposed  to  high  tempera- 
tures, and  under  the  same  conditions  of  the  composition  of  the  gases, 
we  are  certain  to  find,  after  extinction,  that  the  portion  of  the  pencil 
or  cylinder,  exposed  to  the  flame,  has  been  converted  into  an  inferior 
oxide.  Thus,  for  example,  titanic  acid,  heated  in  oxygen  to  the 
highest  temperature,  does  not  melt ;  but  submitted  directly  to  the 
flame  of  a  lamp  (containing  an  excess  of  hydrogen),  it  melts  imme- 
diately, and,  yellow  as  it  had  been,  becomes  blue  and  sometimes 
black.  A  very  curious  phenomenon  is  also  remarked.  In  regulating 
the  gases  so  as  to  obtain  the  maximum  of  light,  a  burst  of  sparks 
proceed  from  the  crayon,  similar  to  those  produced  by  iron  burning 
in  oxygen.  This  is,  in  fact,  the  titanic  acid,  reduced  at  first,  but 
rc-oxydized  afterwards  in  the  midst  of  air  and  aqueous  vapor.  The 
shower  of  sparks  ceases  immediately  on  slightly  increasing  the 
supply  of  oxygen.  The  tungstic,  uiobic,  and  tantalic  acids  possess 
equally  this  fusibility,  even  in  a  high  degree,  for  when  heated  to  a 
white  heat  in  a  platina  crucible,  by  means  of  a  Schloesing  blowpipe, 
they  always  melt  if  the  flame  contains  an  excess  of  hydrogen.    They 
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crystallize  on  cooling,  and  become  discolored.  Tlie  titanates,  tung- 
states,  &c.,  with  a  magnesian  base,  also  melt  and  turn  black  in  the 
oxyhydrogen  flame ;  all  these  substances  are  thus  unsnited  for  light- 
ing purposes.  Silica,  alumina,  and  the  refractory  earths  melt  and 
give  out  little  light.  After  examining  the  effects  of  glucinium, 
the  oxides  of  chromium,  of  cerium  and  of  lanthanium,  M.  Caron 
tried  silicate  of  zirconium,  of  which  he  knew  the  infusibility ;  but 
as  he  expected,  the  pulverized  and  agglomerated  zircons  gave  very 
little  light  (which  happens,  in  general,  with  all  the  silicates.)  He 
resolved  to  try  ZIECON.  According  to  Berzelius,  this  earth  has 
the  property  of  being  infusible,  and  giving  out  a  light  of  dazzling 
brilliancy  in  the  flafme  of  a  blowpipe.  This,  M.  Caron  found  to  be 
true,  and  he  has  employed  the  same  crayon  in  the  flame  of  the  oxy- 
hydrogen jet,  without  the  least  sign  of  wear,  volatilization,  or  even 
partial  reduction.  This  is  yqtj  important,  for  the  incandescent 
matter  must  remain  always  at  the  same  distance,  and -if  the  pencil 
wore  away,  the  distance  would  increase  and  the  light  diminish. 

The  use  of  ZIECON  in  the  oxyhydrogen  light,  is  a  valuable  dis- 
covery, for,  in  addition  to  its  being  unalterable,  the  light  is  superior 
to  that  of  magnesia  in  the  proportion  of  6  to  5.  Though,  at  present, 
rare,  ZIRCON  exists  in  many  volcanic  sands,  and  in  great  abund- 
ance in  the  zirconean  rocks,  near  Mark,  in  the  environs  of  Ilmeusea, 
at  the  foot  of  the  Ural  Mountains. 

M.  Caron  has  also  found  a  very  simple  method  of  economising 
the  substance,  by  only  applying  the  zircon  to  that  portion  of  the 
crayon  exposed  to  the  flame ;  the  rest  can  be  made  of  magnesia  or 
even  refractory  clay.  By  compression,  the  zircon  adheres  to  the 
other  substance,  and  burning  adds  to  the  solidity  of  this  adhesion. 

Zircon  crayons  are  made  in  the  same  manner  as  those  of  magnesia 

F.  MOIGNO. 

[Preparations  are  now  going  on  in  New  York  for  a  practical  trial 
of  the  new  method  for  the  manufacture  of  oxygen,  by  heating  man- 
ganate  of  soda  in  alternate  currents  of  air  and  steam. 

We  had  also  the  pleasure  of  witnessing,  in  the  laboratory  of  Dr. 
Doremus,  various  experiments  conducted  by  him  with  the  little 
pencils  of  compressed  magnesia,  referred  to  above  by  the  Abb^ 
Moigno.  The  pencils  were  unafiected  by  the  air  and  remarkably 
enduring  under  the  action  of  the  flame  of  illuminating  gas  and 
oxygen,  which  was  directed  upon  them.— Ed.] 
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PNEUMATIC  BRIDGE  FOUNDATIONS. 

By  O.  Chanute,  C.  E. 
(Concluded  from  page  28.) 

Bussicill  Bridge. — At  the  Busswill  bridge,  over  the  Aar,  in  Switz- 
erland, both  the-abutments  and  the  three  river  piers,  were  founded 
upon  iron  caissons,  surmounted  with  masonry,  and  sunk  to  a  depth 
of  49  feet  below  low  water. 

The  caissons,  weighing  on  an  average  71,662  pounds,  were  rect- 
angular, 13  feet  9  inches  wide,  39  feet  4  inches  long  for  the  piers, 
and  35  feet  5  inches  long  for  the  abutments.  The  Avorking  cham- 
ber was  8  feet  10  inches  high,  and  the  sides  of  f  plate,  stiffened  by 
26  iron  beams  supporting  also  the  roof.  The  latter  was  but  \  inch 
thick,  and  was  found  rather  weak  in  the  process  of  sinking,  though 
strengthened  by  the  26  side  beams,  as  well  as  by  9  transverse  and 
2  longitudinal  iron  beams. 

Above  the  working  chamber,  a  sheet  iron  skin  of  No.  14  plate, 
was  carried  up  in  order  to  form  the  cofier-dam,  and  protect  the 
fresh  laid  masonry  from  the  friction  of  the  soil  in  sinking. 

Each  caisson  was  suspended  by  12  screw^s,  and  the  excavations 
extracted  by  a  central  dredge,  working  in  a  tube  6  feet  3  inches 
diameter  of  f  plate,  w^hile  the  two  air  chimneys  (of  which  only  one 
was  used),  were  2  feet  11|  inches  diameter,  and  f  thick. 

As  such  light  caissons  would  have  buckled,  and  might  have  been 
crushed  by  the  side  pressure  of  the  soil  in  sinking  (the  much  stronger 
caissons  at  Kehl  having  been  somewhat  crippled,  and  required  vault- 
ing), brick  arches  laid  in  cement  were  laid  inside  between  the  side 
beams,  before  the  process  of  sinking  was  commenced,  so  that  the 
caisson  was  in  fact  a  brick  vault,  surrounded  by  the  iron  work  and 
supporting  the  pier. 

The  air  compressing  engine  was  made  of  two  old  locomotive  cyl- 
inders, mounted  on  an  oak  frame,  worked  by  an  engine  of  20  horse- 
power, erected  on  the  left  bank  of  the  river.'  The  air  was  con- 
ducted to  the  workings  through  cast  iron  pipes,  with  India  rubber 
joints,  laid  on  a  temporary  bridge  built  to  expedite  the  transporta- 
tion of  materials. 

"With  these  arrangements,  the  five  caissons  were  successively  put 
Vol.  LVI.— Third  Sbries.— No.  2  — Acocst,  1868.  12 
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down,  tlie  masonry  built,  and  the  superstructure  (erected  upon  one 
of  the  banks),  rolled  over  the  piers  into  place  as  fast  as  each  pier 
was  completed.  The  whole  work  was  done  in  one  year,  and  as  will 
hereafter  appear,  at  considerably  less  cost  than  bridges  founded  with 
tubes. 

Scorff  Viaduct. — At  the  bridge  over  the  Scorff,  at  Lorient,  built 
in  1862,  by  M.  Croisette  Desnoyer,  as  chief  engineer,  it  was  at  first 
proposed  to  found  the  two  intermediate  piers,  carrying  the  metallic 
spans  of  the  viaduct  (the  approaches  being  of  masonry  arches),  each 
upon  two  tubes  of  14  feet  9  inches  diameter,  put  down  to  rock,  filled 
with  cut  stone  masonry,  as  they  were  to  be  in  salt  water,  and  sur- 
mounted above  low*  water  by  a  masonry  pier  resting  upon  an  arch 
turned  over  the  two  tubes.  This  arrangement  was  deemed  neces- 
sary in  order  to  insure  stability,  the  lower  chord  of  the  bridge  being 
105  feet  above  the  rock,  at  the  deepest  foundation. 

The  bids  of  contractors,  for  foundations,  on  the  engineer's  plans, 
exceeded  his  estimates,  but  Messrs.  E.  Gouin  &  Co.  offered  to  fur- 
nish the  foundations  up  to  low  water  mark,  in  one  solid  mass  of  cut 
stone  masonry  the  size  of  the  pier,  at  the  engineer's  estimates  for 
tubes,  provided  they  were  allowed  to  substitute  caissons  :  as  this 
proposal  aflbrded  about  twenty  per  cent,  more  base,  in  a  single  homo- 
geneous mass,  and  at  a  less  cost,  it  was  gladly  accepted. 

The  Scorff  is  here  in  a  tide-way.  At  extreme  high  tide,  there 
was  23  feet  of  water  and  46  feet  of  silt  over  the  rock  at  the  site  of 
one  pier,  and  23  feet  of  water  and  26  feet  of  soft  silt  and  mud  over 
the  other.  The  surface  of  the  rock  was  rough  and  broken,  so  that 
it  was  necessary  to  quarry  it,  before  a  good  bearing  could  be  ob- 
tained for  the  piers,  and  this  had  to  be  done  at  a  depth  of  49  and  69 
feet  below  high  water,  while  the  action  of  the  tides  considerably 
complicated  the  precautions  to  be  taken  in  carrying  on  the  pneu- 
matic process. 

M.  Gouin  built  for  each  pier  a  boiler  plate  inverted  caisson,  or 
working  chamber,  39  feet  8  inches  long,  11  feet  6  inches  wide,  and 
10  feetliigh,  the  plates  increasing  in  thickness  from  the  bottom,  and 
being  |,  |,  and  /g  thick.  The  roof  was  made  of  f  plates,  and  slightly 
arched,  as  the  full  w^'ight  of  the  masonry  was  to  rest  upon  it  in  the 
process  of  sinking.  Its  interior  framing  consisted  of  a  series  of 
curved  wrought  iron  beams,  abutting  against  cast  iron  struts,  extend- 
ing from  side  to  side,  to  resist  the  pressure  of  the  soil,  and  the  roof 
was  sustained  by  four  transverse  built  beams,  27|  inches  deep,  and 
four  longitudinal  rows  of  8  inch  I  beams.   There  was  a  slight  batter 
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in  the  sides,  wliicli,  in  connection  with  the  narrow  width,  proved  to 
be  a  mistake,  and  only  4  inches  retreat  provided  all  round  to  oflfset 
possible  irregularities  in  sinking,  which  Avas  found  quite  too  small. 

Above  the  working  chamber,  a  sheet  iron  enclosure  or  coffer-dam 
extended  to  low  water,  made  of  successive  zones  of  J,  -j?g,  and  \ 
plates,  rivetted  on  as  the  sinking  progressed.  The  weight  of  each 
working  chamber  was  60,858  pounds,  and  of  each  surmounting 
coffer-dam  33,957  pounds.  The  general  arrangement  of  the  pier  and 
the  caisson  is  shown  on  Plate  V. 

As  the  nature  of  the  silt  and  mud  was  such  that  dredges  could  not 
excavate  it  to  advantage,  and  the  area  of  foundation  was  much 
smaller  than  at  Kehl,  the  materials  were  withdrawn  in  boxes  through 
four  air  chimneys  27|-  inches  in  diameter,  placed  in  pairs,  a,nd  sur- 
mounted with  an  equilibrium  chamber  8  feet  2  inches  diameter,  and 
9  feet  10  inches  high,  of  which  the  lower  part  was  in  communica- 
tion with  the  air  tubes,  and  the  upper  part  comprised  the  two  air 
locks. 

Operations  were  begun  on  the  deepest  foundation — that  on  the 
right  bank.  The  surface  of  the  soil  was  here  23  feet  below  hi^h 
tides,  or  13  feet  below  medium  tides,  but  the  caisson  having  settled 
by  its  own  weight  some  2  feet  8  inches  into  the  mud,  it  was  only  at 
this  depth  that  excava^tion  in  compressed  air  began.  It  was  soon 
found  that  there  was  considerable  danger  of  side  lurches  or  tipping 
of  the  pier,  and  that  the  excavation  had  to  proceed  with  the  utmost 
care.  The  narrowness  of  the  working  chamber  (11  feet  6  inches), 
in  proportion  to  its  length,  the  side  batter,  as  well  as  the  softness  of 
the  silt,  united  with  the  action  of  the  tides  to  give  it  very  unstable 
equilibrium. 

In  order  fully  to  appreciate  the  action  of  the  tides,  it  should  be 
remembered  that  in  order  to  keep  the  pier  within  the  control  of  the 
suspending  screws,  the  weight  with  which  it  is  loaded  should  never 
be  much  greater  than  that  necessary  to  overcome  the  friction  on 
the  sides,  and  the  reaction  of  the  compressed  air.  As  the  tide  rises 
and  falls,  the  depth  of  immersion  and  consequent  displacement  of 
the  pier  is  constantly  changing,  and  the  equilibrium  is  destroyed. 
.The  caisson  tends  either  to  be  lifted  up  by  the  reaction  of  the  com- 
pressed air  at  the  flood,  or  to  go  down  suddenly  at  the  ebb.  By 
slightly  varying  the  pressure,  these  effects  were  somewhat  dimin- 
ished, but  they  could  not  be  fully  overcome,  as  the  pressure  had  to 
balance  the  head  of  water  in  order  to  prevent  it  from  rising  up  inside 
the  working  chamber. 
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At  the  pier  on  the  right  bank,  the  soil  was  composed  of  silt  with  a 
certain  con^stency,  so  that  no  very  serious  trouble  occurred,  yet  when 
the  rock  was  reached,  the  pier  had  tilted  a  little  towards  one  side,  so 
that  the  four  inches  ofifset  provided  were  lost,  and  the  masonry  had 
to  be  carried  up  plumb  upon  one  face,  in  order  to  keep  within  the  base. 
Another  difficulty  occurred,  however,  the  coffer-dam  surmount- 
ing the  working  chamber  had  buckled  irregularly,  so  as  to  prevent 
carrying  up  the  pier  inside  of  the  full  intended  size,  and  it  even 
became  necessary  to  cut  away  the  plates  at  the  upper  end,  and  to 
work  only  at  low  water,  in  order  to  lay  the  upper  starling. 

At  the  pier  on  the  left  bank,  although  the  depth  to  be  attained 
was  less,  far  greater  trouble  was  encountered.  The  soil  was  here  of 
soft  mud,  offering  but  slight  lateral  resistance,  so  that  soon  after 
beginning  operations,  the  pneumatic  pressure  having  suddenly  di- 
minished, in  consequence  of  an  accident  to  the  blowing  engine,  the 
caisson  went  down  all  at  once  with  a  lurch,  and  was  filled  to  the 
very  roof  with  mud.  Happily  there  were  at  the  time  no  men  in 
the  working  chamber.  In  going  down,  the  caisson  had  tilted  to  the 
rear,  and  the  iron  skin  of  the  coffer-dam,  pressed  against  the  masonry 
which  filled  it  part  way,  had  been  torn  open  just  above  low  water. 
The  masonry  at  this  point  was  yet  above  low  water,  but  it  was 
dangerous  to  build  any  more  on  top  of  it,  for  fear  of  lurching  the 
pier  still  farther. 

Under  these  circumstances,  excavation  was  resumed  in  the  work- 
ing chamber  on  the  up  stream  side,  while  a  strong  wooden  plat- 
form, well  strutted  to  the  roof,  was  placed  upon  the  mud  inside  the 
caisson  at  the  lower  end,  so  that  the  weight  might  rest  upon  the  soil, 
and  not  upon  the  cutting  edge.  By  excavating  with  care  at  the 
upper  end,  the  caisson  was  gradually  righted  up,  and  brought  back 
to  its  normal  position,  while  the  masonry  was  run  up  above  the 
rent  in  the  coffer-dam.  The  descent  to  the  rock  was  then  continued, 
not  without  fear  and  trouble,  but  at  least  without  serious  accident. 

When  the  rock  was  reached,  it  was  found,  as  expected  from  the 
borings,  very  irregular,  there  being  differences  of  five  feet  in  the 
height,  within  the  limits  of  the  caisson.  As  it  was  very  hard,  and 
powder  could  not  be  used  within  the  working  chamber,  it  would 
have  taken  a  great  deal  of  time  to  quarry  it  so  as  to  bring  the  whole 
of  the  cutting  edge  to  a  proper  bearing.  It  was,  however,  quarried 
so  as  to  give  the  edge  a  bearing  for  about  ^ths  of  its  perimeter,  and 
for  the  remainder,  sheet  piles  were  driven  below  the  edge  to  the 
rock,  so  as  practically  to  prolong  the  working  chamber,  the  mud 
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inside  excavated,  the  rock  cut  in  steps  and  cleaned  off,  and  the 
caisson  filled  np  witli  concrete  to  tlie  roof,  with  all  possible  care. 

Six  months  and  a  half  were  employed  in  founding  the  first  pier,  of 
which  the  erection  of  the  caisson  and  machinery  occupied  three 
months ;  for  the  second  pier,  as  the  company  were  in  a  hurry  to  open 
the  bridge,  the  work  was  pushed  very  actively,  yet  three  months 
were  consumed  in  putting  down  the  foundation  through  the  twenty- 
six  feet  of  mud  overlying  the  rock,  eleven  days  in  concreting  the 
working  chamber,  and  seventeen  days  in  building  the  pier  above 
the  foundations. 

Nothing  would  be  more  fallacious,  says  the  engineer  in  charge,  in 
the  account  of  the  works  from  which  this  description  is  condensed, 
than  to  base  calculations  upon  an  assumed  daily  rate  of  progress, 
for  such  works  are  subject  to  many  eventualities  and  accidents,  and 
the  time  occupied  depends  chiefly  upon  the  interruptions  and  break- 
ages which  occur  from  various  causes.  It  should,  however,  be  re- 
membered, that  at  Lorient,  the  irregularities  of  the  rock,  the  soft- 
ness of  the  mud,  and  especially  the  action  of  the  tides,  presented 
great  difficulties. 

Messrs.  Gouin  &  Co.  have  since  founded  in  a  similar  manner, 
upon  pneumatic  caissons,  the  piers  for  the  bridge  over  the  Po,  at 
Mezzani  Corti,  a  description  of  which  will  be  found  in  Engineering^ 
Vol  II.,  p.  329,  and  Vol.  III.,  p.  193. 

The  average  cost  per  pier  of  pneumatic  foundations  have  been  as 
follows : 


BRIDGE. 

SYSTEM. 

A  RRA 

HEIGHT. 

AV.  COST  FOR  ONE 

DIAMETER.  1      ' 

OF  BASE. 

>  « 

O  H 

PIKR. 

1 

Macon 

Bordeaux 

Orival 

2  tubes 
2     <« 
2     " 
caisson 
masonry 

caisson 
masonry 

1 

10  ft.          |157[]ft. 
llft..9in.    217     " 

11  ft.  9  in.    217     " 
sni  V  13?    Sin     i» 

49  ft. 
52  «« 

48J" 
49   " 

59   " 

33  ft. 
28  " 

34  " 

1 
$16,182  j 

21,535 

21,945 

15,845 

27,364 

1 
1 

Busswill 

16  «'      !^8.728 

Busswill 

39S  V  111 

iAR         » 

36  « 

6,607 

Xiorient 

19,530 

7,834 

Lorient 

, 
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The  tubes  being  carried  up  to  the  bridge  seat,  and  forming  the 
pier,  the  cost  of  the  masonry  surmounting  the  caisson  is  added  as 
above,  in  order  to  afford  a  correct  basis  of  comparison. 

As  these  works  were  executed  at  gold  prices,  with  cheap  iron 
and  labor,  and  with  the  aid  of  experienced  contractors,  possessing 
complete  outfits  and  tools  required  for  the  pneumatic  process,  it  is 
probable  that  the  cost  of  similar  works  at  present  prices  in  this 
country,  would  be  from  two  to  four  times  the  cost  abroad.  Let  us, 
for  instance,  take  the  best  managed  and  cheapest  of  these  bridges, 
that  of  Busswill,  and  apply  prevailing  prices  here  to  the  actual 
quantities  in  execution ;  the  result  will  be  as  follows : 


COST  IN  UNITED   STATES. 

ITEMS. 

QUANTITIES. 

COST  AT 
BUSSWILL. 

• 

PRICE.        - 

AMOUNT. 

Caissons  lowered  in  place. 

46,100  lbs. 

$2,668 

11  cts. 

$5,071 

Iron  skin  for  coffer-dam. . 

25,560     " 

1,211 

10  Cts. 

2,556 

Sinking  foundation 

49  feet 

1,968 

$1,20 

6,880 

Hammer-dressed  masonry 

below  water 

706  cub.  yds. 

4,198 

$1G 

11,296 

Cut  stone  masonry  above 

water 

242     "     " 

2,409 

$25 

6,050 

Totals 

§12,454 

$30,853 

To  this  must  be  added  a 

proportion  of  the  gene- 

ral expenses,  cost  of  scaf- 

foldings, useof  tools,  «S:c. 

2,891 

7,200 

Totals 

' 

$16,345 

$38,053 

There  being  five  foundations  to  put  in  at  Busswill,  the  proportion 
is  arrived  at  as  follows : 
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AT  BUSSWILL.                          IX  UNITED  STATES. 

WHOLE   COST. 

ONE-FIFTH. 

WHOLE  COST. 

ONE-FIFTH. 

^th  cost  of  temp,  bridge.^, 
^th     "    "     scaffoldings,,, 
Jth     "    "     use  of  tools... 
^th     "    "  temp,  build'gs. 

Totals 

$1,820 
2,810 
8,G26 
1,200 

$364 
5C2 

1,725 
240 

$3,000 
5,000 

25,000 
3,0CO 

$G00 

1,000 

5,0C0 

COO 

$14,45G 

$2,891 

$36,000 

$7,200 

Up  to  a  pressure  of  1  or  1|  atmospheres,  corresponding  to  a  depth 
of  33  to  49  feet  below  water,  although  the  workmen  must  be  selected 
with  special  reference  to  their  temperaments,  and  ability  to  resist 
compressed  air,  no  serious  ill  effects  generally  result  to  their  health, 
beyond  severe  pains  and  lassitude  upon  emerging,  and  occasional 
deafness.  Beyond  these  depths,  however,  it  may  be  necessary,  as  was 
done  at  Kehl,  to  establish  an  hospital  at  the  works,  and  to  have  a 
physician  in  attendance  in  order  to  relieve  cases  of  asphyxia,  and 
treat  the  numerous  instances  of  illness  which  arise. 

It  will  thus  be  seen  that  the  pneumatic  is  anything  but  a  cheap 
process,  but  that  whenever  it  becomes  necessary  to  resort  to  it,  the 
stability  of  the  pier  will  be  greater  if  founded  on  caissons  than  on 
tubes,  while  the  cost  of  a  given  area  of  base  will  be  less.  Beyond 
the  very  complete  command  which  it  gives  over  the  uniformity  of 
the  undermining  and  the  removal  of  obstructions,  and  also  proba- 
bly the  effects  of  the  air  escaping  from  under  the  lower  edges,  in 
diminishing  the  friction  of  the  soil,  it  is  a  positive  detriment.  It 
counteracts  a  large  proportion  of  the  load  in  sinking,  it  causes  serious 
accidents  in  case  of  breakages  in  the  blowing  machinery,  air-pipes, 
joints  or  tubes;  it  compels  the  use  of  special  workmen  at  higli  wages, 
and  endangers  their  health ;  and  it  does  not  always  lead  to  economy 
of  time,  particularly  when  special  machinery  has  to  be  constructed 
to  employ  it.  "Wherever  rock  is  not  very  deep  below  the  surface, 
or  the  circumstances  of  location  admit  of  it,  the  present  high  prices 
of  iron  and  labor,  and  the  want  of  adequate  plant  for  the  pneumatic 
process  in  this  country,  will  probably  make  it  cheaper  and  more 
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judicious  to  resort  to  other  methods,  such  as  "bottomless  caissons, 
sheet  pile  coffer-dams,  or  even  wooden  pile  foundations. 

Mr.  McAlpine  has  recently  so  ably  pointed  out  in  this  Journal, 
the  danger,  under  certain  circumstances,  of  trusting  to  piles  sustained 
exclusively  by  the  friction  of  the  soil  against  their  sides,  that  engi- 
neers will  generally  agree  that  it  is  unsafe  to  resort  to  them  in  loca- 
tions subject  to  deep  scour.  Yet,  as  in  consequence  of  their  cheap- 
ness, and  the  rapidity  with  which  they  can  be  put  down,  pile 
foundations  will  always  offer  strong  temptations  to  the  engineer,  it 
may  be  deemed  important  to  inquire  under  what  circumstances  they 
may  be  safe  in  our  great  western  rivers,  which  flow  over  beds  of 
sand. 

The  chief  danger  to  the  stability  of  piers,  aside  from  shocks  from 
ice  or  other  floating  objects,  arises  from  possible  unequal  scour  upon 
their  opposite  sides,  thus  undermining  on  one  side,  while  the  whole 
thrust  of  a  bank  of  saturated  sand  is  exerted  on  the  other.  In  a 
recent  instance,  at  one  of  the  bridges  now  building  in  this  country, 
a  sudden  freshet  scoured  out  twenty-five  feet  deeper  on  one  side  of 
a  bottomless  caisson  in  process  of  sinking  than  on  the  other,  and 
irpset  and  destroyed  the  works,  and  the  belief  is  entertained  that 
had  the  foundation  been  put  down  with  tubes,  columns  less  than 
twelve  or  fifteen  feet  in  diameter,  would  not  have  been  safe  against 
this  action. 

Unless  turned  by  obstacles,  the  Mississippi  and  Missouri  rivers, 
in  sweeping  from  side  to  side  of  their  valleys,  make  a  succession  of 
pairs  of  reversed  curves,  generally  abraded  by  the  current  to  the 
same  radius,  with  straight  reaches  between  them.  The  channel 
crosses  the  bed  of  the  river  diagonally  between  the  curves,  impinges 
against  the  shore,  and  is  reflected  towards  the  opposite  bank.  The 
straight  reaches  occur  at  the  foot  of  the  lower  curve,  where  the 
resulting  angle  of  reflection  assumes  a  direction  nearly  parallel 
with  the  shore.  The  changes  which  take  place  in  the  shores  on 
both  sides,  present  a  series  of  interlocking,  SS,  proceeding  down 
stream,  the  advancing  eddy  of  the  one  filling  up  the  bends  exca- 
vated by  the  preceding  S,  and  its  current  vein  scouring  out  former 
sand  bars ;  so  that  in  a  cycle  of  years,  no  obstacle  intervening,  the 
channel  returns  to  its  former  bed. 

As  the  building  of  a  bridge  across  these  streams,  will  generally 
involve  the  maintenance  permanently  of  the  channel  through  cer- 
tain spans,  the  engineer  will  be  led  to  locate  the  crossing  just  below 
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one  of  these  curves,  so  that  by  making  use  of  the  impinging  force 
of  the  current,  the  protection  of  one  shore  against  further  abrasion, 
shall  give  the  command  of  both.  Kow  the  scour  in  these  rivers 
during  a  flood  is  not  uniform  across  their  entire  bed,  but  attains  its 
greatest  limit  in  the  main  high  water  channel,  and  decreases  towards 
the  convex  shore,  while,  in  consequence  of  the  centrifugal  action  of 
the  water  towards  one  bank,  and  consequent  slack  current  on  the 
opposite  shore,  some  points  on  the  inside  of  the  curve  actually  silt 
up  during  a  flood.  If  the  shore  on  the  concave  bank  of  the  river 
above  the  bridge  site  be  protected,  so  that  no  further  advance  in 
this  direction  can  take  place,  it  may  be  both  safe  and  proper,  even 
in  the  Missouri  river,  to  put  in  pile  foundations  under  some  of  the 
piers  on  the  convex  bank. 

In  the  upper  Mississippi,  which  has  a  far  more  stable  regime  than 
the  lower  river  or  the  Missouri,  it  will  probably  be  safe  to  found  even 
the  channel  piers  upon  piles,  provided  they  are  properly  driven  to 
the  rock,  and  if  possible  into  it.  They  will  then  become  columns 
of  support  instead  of  piles,  the  sand  merely  acting  as  braces  to  keep 
them  in  place.  It  will  be  necessary,  however,  to  tie  their  heads 
firmly  together,  to  protect  them  heavily  with  rip  rap,  and  to  keep 
it  in  repair,  as  otherwise,  in  case  of  partial  scour,  motion  nii^ht 
ensue,  and  the  foundation  merely  become  a  hinge  for  the  pier  to 
turn  on. 

In  the  Missouri,  when  the  crossing  is  located  just  below  a  curve, 
a  few  foundations  on  the  convex  bank  will  be  safe  on  piles ;  those 
in  the  channel,  and  all  the  foundations,  if  the  crossing  be  upon  a 
straight  reach,  must  be  carried  down  to  rock,  or  below  any  possible 
scour,  and  must  have  sufficient  base  and  weight  to  resist  the  thrusts 
to  which  they  may  be  exposed.  It  will  generally  be  found,  more- 
over, that  the  bed  rock  is  abraded  deeper,  and  the  scour  greater  on 
a  straight  reach  than  around  or  near  a  curve,  and  the  channel  more 
unstable.  Should  it  be  desired  to  confine  navigation  to  certain  spans, 
the  shores  must  be  protected  above  the  bridge  site,  so  that  the  angle 
of  refleclion,  and  consequent  direction  of  the  channel  shall  not 
change. 

This  sketch  cannot  better  be  closed  than  by  translating  the  con- 
clusion of  a  paper  upon  foundations,  read  before  the  Institution  of 
French  Civil  Engineers,  by  M.  Croisette  Desnoyer,  the  chief  engi- 
neer of  the  bridge  at  Lorient,  which  seems  to  resume  very  well  the 
opinion  of  European  engineers  on  this  subject. 
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"  The  use  of  compressed  air  admits  of  penetration  to  very  great 
depths  in  soft  and  permeable  soils ;  it  therefore  affords  a  means  of 
going  down  to  rock,  of  clearing  it  off  and  leveling  it,  in  locations 
where  it  would  otherwise  be  impossible  to  reach  it.  It  gives,  con- 
sequently, a  solid  base  for  the  foundations,  and  enables  us  to  do  the 
work  with  all  necessary  care,  while  it  can  be  prosecuted  almost 
without  reference  to  the  stage  of  water,  so  that  work  can  be  carried 
on  almost  at  all  seasons. 

"  But,  as  against  these  advantages,  it  presents  great  inconveni- 
ences. It  may,  at  great  depths,  injure  the  health  of  the  workmen. 
It  threatens  numerous  chances  of  accidents.  It  compels  long  pre- 
parations, and  finally,  it  is  very  expensive.  This  last  circumstance, 
leads  to  reducing  as  much  as  possible  the  area  of  the  foundations,  and 
consequently  diminishes  their  stability. 

"  Compressed  air  may  be  employed  either  in  tubes  or  caissons. 
The  tubes  are  more  easily  handled,  and  present  fewer  chances  of 
accident  in  the  sinking,  but  they  are  generally  of  small  size,  givie 
but  small  bearings,  and  are  only  suitable  for  beam  bridges.  If  they 
are  of  large  diameter,  they  cost  more  than  a  caisson ;  (thus  we  have 
seen  that  at  Lorient,  a  caisson  was  substituted  without  increased 
cost,  for  two  tubes,  14  feet  9  inches  in  diameter),  and  they  do  not, 
like  caissons,  furnish  a  single  homogeneous  base.  It  is  exclu- 
sively in  caissons,  therefore,  that  it  is  proper  to  employ  compressed 
air  for  masonry  piers,  or  for  abutments  founded  upon  soils  likely  to 
exert  considerable  side  thrusts.  In  the  latter  case  it  will  be  suffi- 
cient to  employ  two  parallel  caissons,  placed  longitudinally.  It 
would  be  well  to  adopt  this  arrangement,  even  for  the  abutments 
of  iron  bridges  when  founded  upon  oozy  beds. 

"  Compressed  air  should  evidently  not  be  used  for  depths  less 
than  10  metres  (32  f^  feet),  for  up  to  this  point,  it  would  certainly 
be  cheaper  to  put  in  the  foundations,  even  in  the  middle  of  a 
river,  either  by  the  ordinary  methods  of  excavation,  or  with  sub- 
merged concrete.  In  still  water,  the  ordinary  methods  of  excava- 
tion may  be  carried  to  far  greater  depths  than  10  tietres  in 
impermeable  soils.  Even  when  this  last  condition  is  not  fulfilled, 
foundations  may  be  put  in  upon  wooden  piles,  provided  it  is  found 
practicable  first  to  test  the  soil  by  loading.  In  all  these  cases,  the 
employment  of  compressed  air  would  occasion  greater  expense,  and 
should  be  avoided.  It  is  best,  therefore,  to  reserve  this  process,  1° 
for  river  foundations  more  than  10  metres  in  depth,  2°  for  very  deep 
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foundations,  in  still  water,  in  permeable  soils  where  it  is  not  possi- 
ble to  employ  piles,  or  where,  in  consequence  of  the  great  import- 
ance of  the  work,  this  last  method,  even  under  good  conditions,  is 
not  deemed  sufficient. 

"In  any  case,  where  the  soil  does  not  offer  lateral  support,  it  seems 
to  us  almost  indispensable  to  increase  the  width  of  the  caissons,  by 
providing  wide  offsets  at  the  base  t)f  the  piers.  The  danger  of 
lurches  in  the  descent  would  thus  be  diminished,  and  the  stability 
of  the  foundation  much  increased. 

"  Without  ignoring  any  of  the  advantages  of  this  powerful  means 
of  action,  we  therefore  think  that  its  employment  should  not  be 
carried  too  far,  and  that,  both  on  account  of  its  great  cost  and  of 
the  chances  of  accidents  which  it  presents,  it  is  best  to  reserve  it 
for  difficult  circumstances,  where  it  would  be  nearly  impossible  to 
reach  a  good  solution  by  the  other  processes." 


THE  ECONOMICAL  CONSTRUCTION  OF  BEAM  TRUSSES. 

Bt  G.  S.  Morrison,  C.  E. 

The  problem  of  bridging  the  great  western  rivers,  which  has  of 
late  given  so  much  interest  to  the  subject  of  deep  foundations, 
demands  that  equal  attention  be  paid  to  the  study  of  superstruc- 
tures. The  necessary  expense  of  deep  foundations  calls  for  the 
introduction  of  much  larger  spans  than  have  hitherto  been  found 
economical,  and  at  the  same  time  requires  these  long  spans  to  be 
built  with  the  least  possible  waste  of  material. 

The  form  of  truss  in  most  common  use  is  that  known  as  the  beam 
truss,  the  top  and  bottom  of  which  are  formed  of  two  parallel 
chords,  in  distinction  to  parabolic  trusses,  in  which  the  principle  of 
the  arch  is  used,  and  suspension  trusses,  in  which  a  flexible  beam 
is  stiffened  by  a  combination  of  bracing  beneath  it.  The  following 
1  luges  will  be  confined  to  the  discussion  of  beam  trusses,  and  to 
deducing  from  a  similar  examination  of  the  strains  which  act  in  them 
the  most  advantageous  arrangement  of  the  several  parts.  This  will 
necessarily  include  a  review  of  the  advantages  of  making  the  same 
truss  continuous  over  several  spans,  a  practice  in  very  general  use 
among  European  engineers,  and  which  leads  to  a  saving  sometimes 
as  high  as  25  per  cent,  in  the  intermediate  spans  of  a  bridge. 

If  a  weight  were  placed  upon  a  beam,  and  there  were  no  lateral 
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adhesion  between  the  successive  parts  of  that'  beam,  the  weight 
would  cut  its  way  through  by  forcing  down  the  portion  under  it, 
as  shown  in  Fig.  1. 

Lateral  adhesion  distributes  the  effect  of  the  weight  beyond  the 
part  of  the  beam  directly  under  it.     In  Fig.  2, 


f/a./. 


-j«r— — 1         let  A  and  b  represent  two  adjacent  points  on 


'■^<|  ^      which  the  weight  exerts  forces  in  the  direction 

indicated  by  the  arrows.  If  these  forces  were 
not  disturbed,  they  would  act  along  the  lines  AC  and  BD,  but  being 
diverted  by  the  adhesion  of  the  particles  of  the  beam,  they  extend 
intp  the  adjacent  parts  and  act  also  along  inclined 
lines  represented  by  AE  and  BF,  causing  compres- 
sion in  these  lines.  The  reaction  of  the  material 
in  these  compressed  lines  will  exert  forces  as  indi- 
cated by  the  arrows ;  decomposing  these  reacting 
forces  at  the  points  A  and  B,  into  their  horizontal 
and  vertical  elements,  the  vertical  elements  alone  are  baknced  by 
the  weight,  and  the  horizontal  elements  tend  to  force  the  points  A 
and  B  together,  while  at  the  lower  side  of  the  beam,  the  horizontal 
elements  tend  to  draw  the  points  E  and  F  apart.  The  effect  of  the 
weight  is,  therefore,  to  shorten  the  fibres  above  and  lengthen  those 
below,  thus  changing  their  relative  lengths  and  bending  the  beam, 
as  shown  in  Fig.  3. 

Hence,  it  appears  that  a  beam  under  the  influence  of  weight,  which 
may  be  either  its  own  or  a  superimposed  weight, 
^^^'^    'k      ^         ^^  subjected  to  strains  of  two  kinds : 

1.  A  shearing  strain,  tending  to  cut  the  beam 
by  causing  one  part  to  slide  upon  an  adjacent 
part. 
2.  A  bending  strain,  bei^ding  the  beam  by  shortening  the  fibres 
above,  and  lengthening  those  below. 

The  economical  construction  of  beam  trusses  lies  in  selecting  the 
best  methods  of  resisting  these  strains. 

When  a  beam  is  bent,  the  outside  fibres  undergo  a  greater  change 
of  length  than  the  intermediate  ones,  and  consequently  the  interme- 
diate fibres  are  less  strained  than  the  extreme  ones.  If  all  the  ma- 
terial were  concentrated  at  the  top  and  bottom,  the  whole  would  be 
equally  strained,  and  all  act  at  the  greatest  advantage.  Hence,  in 
a  beam  truss,  the  material  should  be  thrown  into  the  top  and  bot- 
tom, leaving  only  enough  between  to  resist  the  shearing  strains.   The 
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truss  will  consist  of  an  upper  and  lower  chord,  whose  function  is  to 
confine  within  safe  limits  the  bending  strain;  and  an  intermediate 
web,  whose  function  is  to  resist  the  shearing  strain. 

The  shearing  strains  and  construction  of  the  web  will  be  consid- 
ered first,  and  an  examination  of  the  relations  existing  between  the 
two  kinds  of  strains  and  the  methods  of  reducing  the  strain  upon 
the  chords  will  follow. 

/. — Shearing  Strains. 

When  a  part  of  a  beam  is  forced  down  between  the  adjacent  parts ; 
on  one  side,  a  surface  on  the  right  slides  downward  upon  a  surface 
on  its  left,  and  on  the  other  a  surface  on  the  left  slides  downward  on 
a  surface  to  the  right,  or,  relative  position  only  being  considered,  a 
surface  on  the  right  slides  upward  on  a  surface  to  the  left.  These 
two  motions  being  opposite,  the  strains  which  cause  them  should 
be  represented  with  opposite  signs.  That  shearing  strain  which 
tends  to  move  the  right  hand  surface  downwards  upon  the  left,  will 
be  considered  positive,  the  reverse,  negative. 

When  a  beam,  resting  upon  two  supports,  is  uniformly  loaded 
throughout,  the  whole  weight  is  divided  equally  between  the  two 
supports,  each  bearing  the  weight  upon  the  adjacent  half  of  the  beam. 
The  shearing  strain  at  the  left  hand  end  of  the  beam  is  equal  to  half 
the  whole  load,  and  at  the  right  end  to  minus  the  same  quantity;  the 
intensity  decreasing  uniformly  from  the  ends  to  the  centre,  Avhere  it 
vanishes.  This  will  be  apparent  by  considering  the  force  with  which 
the  sections  marked  A  are  driven  down,  in  the  three  different  cases 
represented  by  Figs.  4,  5  and  6. 

If  ic  represents  the  weight  upon  each  unit  of  length,  the  shear- 
ing strain  at  a  point  at  the  distance  x  to  the  right 
of  the  centre  of  the  beam,  is  —  wx.    In  Fig.  7,  let     '^''^. 
c  be  the  centre  of  the  beam,  ab,  uniformly  loaded.     _^>  f  t*^" 
The  shearing  strains  at  every  point  will  be  the  or-         ^ 
dinates  of  the  line  whose  equation  is 

y  =  —  wx. 

c  being  the  orgin.     Making  ad  =  —  be  =  -^  ,  I  being  the  length  of 

the  beam,  de  will  be  this  line. 

The  dotted  line  t/c  gives  the  shearing  strain  in  the  same  beam  when 

uniformly  loaded  with  a  weight  equal  to  \  w. 

When  a  beam  is  but  partially  loaded,  as  in  Fig.  b,  (the  beam  itself 
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F/C5. 


being  supposed  without  weight),  the  weight  is  divided  between  the 
two  supports  in  the  inverse  ratio  of  their  distances  from  the  centre 
of  the  load.  The  support  a  bearing  the  two  weights 
next  to  it  and  fths  of  the  third,  and  the  support  B 
being  the  fourth  weight,  and  f  ths  of  the  third. 
The  shearing  strains  vanish  at  the  point  which 
thus  divides  the  part  of  the  load  borne  by  one  sup. 
port  from  that  borne  by  the  other,  and  increase  uniforml}'-  in  intensity 
from  that  point  to  each  end  of  the  loaded  portion ;  but  the  shearing 
strain  is  the  same  throughout  the  unloaded  part  of  the  beam,  as  it 
attains  its  full  intensity  at  the  end  of  the  load,  and  there  is  no  further 
weight  to  alter  it.  The  strains  will  be  given  by 
jAiAAtiln  the  ordinates  of  a  broken  line,  parallel  to  the 
w^  line  at  strain  for  a  fully  loaded  beam  through- 
out the  loaded  portion,  and  parallel  to  the  axis 
of  abscissas  through  the  unloaded  part. 

If  V  denotes  the  length  of  the  loaded  portion,  the  weigjit  borne 
by  the  loaded  support  is 

(^        2]      ,,  I'^w 

-=V  w  — 


F/Cff 


m 


V 


w 


I 


21 


and  by  the  unloaded 
.      V  wX 


V 


w 


I  21 

Through  the  loaded  part  of  the  beam  the  shearing  strains  are  the 
ordinates  of  the  linear  equation 

I'^w 


y  =  + 


21 


y 


WX 


the  positive  sign  being  used  when  the  weight 
is  next  to  the  right  hand  support,  and  through 
the  loaded  portion  by  the  ordinates  of  the  lineal 
equation. 

V^ 
21 

the  positive  signs  being  used  when  the  weight  is  next  to  the  left 
hand  abutment. 

In  Fig.  9  the  beam  is  supposed  to  be  loaded  from  A  to  D,  and  the 
broken  line  afg  is  the  line  of  strain. 

When  a  beam  is  entirely  loaded,  but  more  heavily  in  one  part 


_,/,,  l"w\      (      ,,,\  ~{l—lJto 
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than  another,  the  only  practical  case  of  a  partial  load,  it  may  be 
regarded  as  uniformly  loaded  with  a  weight  equal  to  that  on  the 
more  lightly  loaded  portion,  while  a  part  of  the 
beam  bears  also  an  additional  load.  The  shear- 
ing strain  produced  by  the  united  load  will  be 
at  every  point  the  sum  of  the  strains  produced 
by  the  two  loads  acting  separately. 

In  Fig.  10,  the  beam  ab  is  loaded  uniformly  with  a  weight  equal 
to  w  for  each  unit  of  length,  the  part  ad  bearing  an  additional  weight 
equal  to  v:'.  The  strains  caused  by  the  uniform  load  are  given  by 
the  line  ef,  and  those  caused  by  the  partial  load  acting  alone,  by 
the  broken  line,  MGI,  while  those  resulting 
from  the  combined  load  are  given  by  lhk,  the 
ordinates  LiiK  being  at  each  point  equal  to  the 
sum  of  the  ordinates  of  the  other  two  lines. 

The  equation  of  LH  is : 


y  = 

and  that  of  hk 


21 


—  {lo  -}-  w')  X 


V-w' 
y  = ^^ xcx 


HK  is  parallel  to  ei,  and  lh  to  a  line  passing  through  c,  and  corres- 
ponding to  a  uniform  load  equal  ic  -f-  v:'.  For  the  point  of  intersec- 
tion 11 

„         I  l~  w —  I' '  w       I, 

-=^--2-      y= — 2j ^ '" 

To  consider  the  effect  of  a  moving  load,  let  ab,  Plate,  Fig.  11, 
represent  a  beam  upon  which  a  load  advances  from  A  towards  B. 
The  shearing  strains  will  then  be  indicated  as  follows : 

Beam  empty,  by  line  de. 

Moving  load  covering  Aa,  by  line  a"  a'  a'" 


Ab, 

(1 

b"  b'  b'" 

Ac^ 

u 

c"  c'  c'" 

M 

u 

d"  d'  d'" 

Ae, 

(( 

e"  e'  e'" 

^A 

i( 

riT 

A!h 

(; 

9"  9'  9'" 

Ah, 

(1 

h"  h'  h'" 

At, 

U 

i"  i'  i'" 

ichole  beam 

(( 
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The  points  of  intersection  a'  5'  c'  kc,  lie  upon  a  regular  curve, 
DSG.  As  the  load  leaves  the  beam  from  the  end,  B,  a  similar  series 
of  changes  takes  place,  the  signs,  however,  being  reversed,  and  the 
strains  will  be  given  by  an  arrangement  of  lines  bounded  by  the 
curve,  fs'e. 

The  bounding  curves,  dsg,  and  fs'e,  give  the  limits  of  shearing 
strains  under  tli^  action  of  a  moving  load.  Between  A  and  s  it  is 
always  positive,  and  between  s'  and  B  always  negative,  while  be- 
tween s  and  s'  it  may  be  either,  the  point  dividing  the  load  borne  by 
one  support  from  that  borne  by  the  other  shifting  back  and  forth 
between  these  two  points  as  the  load  advances. 

The  most  intense  strain  at  any  point  occurs  when  the  load  extends 
from  that  point  to  the  more  distant  abutment;  and  the  least  intense 
strain,  except  between  s  and  s',  where  the  strains  at  times  vanish, 
when  the  load  extends  from  the  given  point  to  the  nearer  support. 

In  Fig.  10  we  have  for  the  ordinate  of  the  point  H: 

y= 2Z ^  "" 

which,  if  I'  be  made  a  variable,  becomes  the  equation  of  the  curve, 
DSG,  and  shows  that  curve  to  be  a  parabola.     For  the  point  s 

y  =  - 2^ Vw  =  o 


7/  __  V  w  {tv  -\-  w')  —  w  J 


w 
The  distance  from  s  to  the  centre  of  the  beam  is — 


ll—V  =  l  (i— 1^^^(^  +  ^0  — ^) 

and  from  the  centre  of  the  beam  to  s'  is  the  same  At  the  centre  of 
the  beam,  V  must  be  made, equal  to  \  ?,  which  gives — 

Iw' 

or  the  greatest  possible  shearing  strain  at  the  centre  of  the  bridge  is 
equal  to  one-eighth  the  total  moving  load.  The  strain  at  any  other 
point  may  be  easily  found  by  simply  constructing  the  curves.  The 
members  of  the  web  should  be  proportioned  accordingly. 

A  similar  investigation  might  be  made  into  the  effects  of  a  load 
of  three  different  intensities ;  but  as  the  strains  would  everywhere 
be  less  under  the  action  of  such  a  moving  load,  than  under  the 
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action  of  a  load  of  two  different  intensities  corresponding  to  the 
greatest  and  least  of  the  three,  such  an  investigation  is  unnecessary. 

(To  be  continued.) 


INTER-OCEANIC  COMMUNICATION  BETWEEN  THE  ATLANTIC  AND 

PACIFIC. 

By  D.  S.  Hotvard,  C.  E. 
THE   NICARAGUA   ROUTE. 

The  natural  advantages  of  this  route  were  so  apparent  that  every 
one  wished  to  secure  them  to  himself  and  his  associates.  Its  fearly 
history  shows  that  the  first  notice  of  it  created  a  bitter  controversy, 
which  was  kept  up  until  another  route,  without  any  natural  advan- 
tages, had  been,  by  the  sacrifice  of  an  extravagant  amount  of  money 
and  human  life,  successfully  established. 

Nothing  can  flourish  between  belligerants.  Tlje  victory  is  liable 
to  be  won  by  the  party  more  skilled  in  strategy  than  the  science  of 
improving  rivers  and  harbors,  which  was  the  case  in  this  instance. 
But  so  much  controversy  as  this  route  created,  naturally  raised  the 
value  of  it  in  the  eyes  of  the  people  of  Nicaragua,  so  that  now,  after 
it  has  happened  to  fall  into  right  hands  for  successful  manage- 
ment, the  government  of  Nicaragua  increases  their  requirements  for 
the  privilege  of  improving  their  country,  and  lessen  the  exclusive 
privileges  to  be  granted  as  equivalent.     Thus  the  matter  now  stands. 

The  present  Transit  Company,  with  Mr.  W.  H.  "Webb  as  Presi- 
dent, with  abundant  capital  to  do  anything  that  may  be  advisable 
to  be  done,  only  ask  a  charter  that  will  guard  them  against  any 
vicious  competition,  such  as  the  great  natural  advantages  of  this 
route  might  elicit. 

The  plan  of  improvement  which  the  Company  have  adopted,  has 
been  so  far  tested  already,  that  its  success  scarcely  admits  of  a  doubt. 

They  propose,  first,  to  divert  water  enough  from  the  Colorado 
outlet,  which  leaves  the  San  Juan  River  twenty  miles  from  the 
Carribean  coast  at  Greytown. 

This  they  will  do  by  dredging  at  and  below  the  junction  of  the 
Colorado.  The  declivity  in  the  bed  of  the  San  Juan,  below  the 
junction,  being  about  one  and  a-half  feet  per  mile,  renders  it  unne- 
cessary to  make  the  excavation  more  than  four  oi  five  miles  below 
YoL.  LVI.— Third  Series.— No.  2.— Avgust,  1868.  14 
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the  junction  with  the  Colorado.  By  making  this  about  eight  feet 
deep,  in  the  lowest  water,  and  about  two  hundred  yards  wide, — put- 
ting the  material  taken  out  into  the  Colorado, — will  turn  water 
enough  down  the  lower  San  Juan  to  open  the  harbor  at  Greytown, 
and  afford  sufficient  water  for  steamers  drawing  three  or  four  feet 
at  all  seasons. 

For  this  purpose,  the  Company  have  already  provided  a  powerful 
dredging  machine,  capable  of  raising  over  three  thousand  (8,000) 
cubic  yards  per  day  of  ten  hours.  This  machine  is  provided  with 
long  spouts  to  run  off  the  excavated  material  with  wafer,  for  the 
purpose  of  dispensing  with  lighters,  the  expense  and  delay  of  tow-^ 
ing  to  a  place  of  deposit,  &c.,  as  much  as  possible,  which  was  done 
with«great  success  by  a  similar  machine  in  the  construction  of  the 
Corpus  Christi  Ship  Channel,  in  Texas,  in  1857-8.  The  same 
thing  is  now  being  done  in  the  construction  of  the  Suez  Canal, 
mentioned  in  the  June  number  of  this  Journal,  page  378,  by  Mons. 
Lavalley,  with  the  most  gratifying  results.  This  gentleman  claims 
the  above  plan  as  his  special  invention.  I  do  not  wish  to  contro- 
vert this  fact,  presuming  the  idea  was  original  with  him,  but,  in 
justice  to  myself,  I  must  say,  that  I  made  use  of  the  same  device 
in  the  construction  of  the  Corpus  Christi  Ship  Channel,  as  early  as 
1857,  and  successfully  completed  the  work  without  the  use  of  a 
lighter,  except  to  hold  up  the  outer  end  of  the  spouts.  The  idea 
was,  then,  original  with  me,  whoever  might  have  used  it  previously. 
I  mention  this  fact,  not  to  detract  from  the  world-wide  renown  of 
Mons.  Lavalley  as  an  eminent  engineer,  but  to  claim  the  greater 
credit  of  preceding,  in  this  instance,  so  successful  an  originator. 

One  great  advantage  of  this  route  is  its  measurable  availability, 
to  begin  with.  Throughout  the  wet  season,  about  half  of  the  year,  it 
is,  in  its  natural  state,  a  better  route  than  any  yet,  in  use.  It  more- 
over affords  important  facilities  for  further  improvement,  so  that 
every  dollar  properly  expended  upon  it  adds  immediately  to  its  value. 

It  is  estimated  that  when  three  hundred  thousand  dollars  shall 
have  been  expended  on  the  the  plans  adopted  by  Mr.  Webb,  that 
this  will  successfully  compete  with  any  other  route  that  can  be 
made,  short  of  a  ship  canal  of  the  largest  class. 

These  plans  are  so  adapted  to  the  natural  advantages  of  this 
route,  that  improvement  may  go  on  until  a  first-class  ship  canal 
shall  have  been  completed,  without  abandoning  anything,  at  any 
time,  as  useless,  that  may  have  been  done  previously,  so  that,  in 
the  meantime,  the  navigation  will  have  been  improved  by  every 
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davs'  labor,  and  every  dollar  expended  dui'ing  the  progress  of  tlie 
work,  rendering  loss  of  interest  on  capital  actually  expended,  in 
case  of  any  unforeseen  delay,  impossible  at  any  time. 

The  great  objection  raised  to  investing  money  in  the  improve- 
ment of  this  river,  is  stated  to  be  the  "  movable  sands  in  the  bottom." 
This  sand  can  be  excavated  and  transferred  from  the  San  Juan  to 
the  Colorado,  at  less  cost  than  any  other  material.  It  is  also  more 
readily  removed  from  the  channel,  by  a  judicious  application  of 
currents  for  scouring,  than  the  more  faultless  materials.  There  has 
been  so  much  time,  talent,  and  money  heretofore  expended  on 
rivers  of  this  character,  having  a  limited  supply  of  water,  with  no 
resource  for  adding  to  or  increasing  the  amount,  with  little  or  no 
success,  that  the  improvement  of  this  river  is  considered  almost 
impossible  by  those  who  do  not  happen  to  know  and  appreciate  the 
exceptional  condition  here  existing,  which  is  an  abundant  supply 
of  water  at  all  seasons,  so  situated  as  to  be  readily  ^controlled. 

The  Rapids,  on  the  upper  river,  may  be  improved  for  boats  draw- 
ing four  feet  water,  without  the  obstructions  of  locks  and  dams,  by 
grading  a  sufficient  channel  to  an  easy  ascent,  adapted  to  the  require- 
ments of  the  boats  to  be  used.  This  may  be  done  at  a  trifling 
expense,  compared  with  that  of  dams  and  locks. 

With  the  Rapids  and  lower  river  and  harbor  improved  at  Grey- 
town,  the  route  is  complete  to  within  twelve  miles  of  the  Pacific. 
This  part  the  Company  propose  to  improve,  by  the  construction  of 
a  railroad,  from  Virgin  Bay,  on  the  Lake,  to  Del  Sur,  on  the  Pacific. 

From  the  increase  of  inter-oceanic  trade,  since  the  completion  of 
the  Panama  Railroad,  it  is  reasonable  to  predict  the  early  necessity 
of  a  ship  canal,  in  addition  to  these  improvements.  The  feasibility 
of  such  a  work  has  been  made  evident  from  a  very  exact  survey  by 
O.  W.  Childs,  one  of  the  most  accurate  and  skilful  engineers  of  his 
time.  To  show  that  his  estimate  was  ample  to  provide  for  the  full 
completion  of  the  work,  I  will  state  that,  during  the  six  years  he 
was  Chief  Engineer  of  the  State  of  New  York,  he  was  never  known 
to  under-estimate  any  work  in  his  charge. 

His  report  on  the  Nicaragua  Ship  Canal  was  submitted  to  Cols. 
Albert  and  Turnbull,  of  the  Topographical  Bureau  at  Washington, 
who  pronounced  it  ample  for  the  purpose  mentioned,  and  no  per- 
•son  had  attempted  to  criticise  his  items  or  question  his  amounts, 
until  Rear  Admiral  Davis  made  his  report  on  Inter-oceanic  Com- 
munication, who  seems  to  question  it  in  a  way  which  conveys  the 
idea  that  a  much  larger  sura  than  is  named  in  the  estimate  will  be 
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required.  To  make  this  appear,  he  mentions  that."  costly  improve- 
ments, possessing  the  character  of  artificial  harbors,  will  be  neces- 
sary at  the  two  points  of  departure  from  the  Lake,"  &c.  It  is  well 
known  by  every  person  that  has  been  through  the  route,  with  any 
degree  of  discrimination  in  such  matters,  that  no  such  structures 
are  necessary. 

The  western  departure  from  the  Lake  is  perfectly  protected  by 
the  form  of  the  shore  and  Ometepe  Island.  The  eastern  departure 
is  the  outlet  of  the  Lake,  and  is  as  perfect  a  harbor  as  can  be  made, 
well  known  to  be  perfectly  safe  for  the  native  bungoes — large  open 
boats  navigating  the  Lake  and  river  from  Granada  to  Greytown  at 
all  seasons  of  the  yefir. 

Mr.  Davis'  report  bears  the  marks  of  a  questionable  design,  by 
some  person  or  persons,  on  whom  he  depended  too  much  for  infor- 
mation concerning  this  route,  who,  probably,  in  the  first  instance, 
suggested  the  propriety  of  such  a  report  to  some  influential  mem- 
ber of  Congress,  for  some  private  speculative  purpose.  I  do  not 
mean  to  cast  any  unworthy  reflections  upon  Mr.  Davis,  who  so 
worthily  received  the  compliment  from  Congress  of  being  selected 
to  make  this  report ;  but  the  indications  of  some  special  design, 
in  the  manner  of  treating  the  description  of  this  route  in  connection 
with  others,  are  so  plain  to  any  person  at  all  conversant  with  it,  that 
it  would  be  inconsistent  with  a  proper  regard  for  the  true  character 
and  condition  of  the  subject,  to  pass  it  unnoticed. 

No  country  in  the  world  can  boast  of  a  more  salubrious,  health- 
ful climate,  particularly  along  this  route.  There  is  no  stagnant 
water,  the  river  having  a  uniform  descent  of  about  one  and  a 
half  feet  per  mile,  between  the  Rapids,  except  seventeen  miles  im- 
mediately below  the  lower  Rapids,  which  partakes  of  the  nature  of 
a  deep,  pure  lake,  rendering  any  accumulation  of  vegetable  mud 
anywhere  in  the  river-bed  imp6ssible,  while  all  that  may  be  depo- 
sited on  the  banks  by  freshets,  is  dissipated  by  the  extraordinarily 
luxuriant  growth  of  vegetation. 

The  delightful  scenery  along  this  route  is  not  surpassed  in  any 
other  uncultivated  country.  The  luxuriant  vegetation  of  various 
species  of  vines,  and  numerous  varieties  of  parasites  cover  every 
tree  in  the  first  stages  of  decay,  so  that  nothing  is  presented  to  the 
observer  but  the  liveliest  shades  of  living  tropical  vegetation  ovf 
every  side. 

Lyons'  Falls,  N.  Y.,  July  9th,  1868. 
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Bt  Prof.  Alfred  M.  Mayer,  Ph.D. 
(Continued  from  page  53.) 

The  Theory  of  Energy  considers  its  Coiiservation,  its  Transfor- 
mation and  its  Dissipation. 

The  Coiiservation  of  Energy. — The  total  amount  of  energy  in  the 
universe,  or  in  any  limited  system  which  does  not  receive  energy 
from  without,  or  part  with  it  to  external  matter,  is  invariable. 
Energy  is,  in  other  words,  as  indestructible  as  matter,  and  is  neither 
created  nor  destroyed,  but  merely  changes  its  form. 

The  Transformation  of  Energy. — By  an  extended  induction,  we 
find  that  any  one  form  of  energy  may  be  transformed,  wholly  or 
partially,  to  an  equivalent  amount  in  another  form.  These  trans- 
formations are,  however,  subJQCt  to  limitations  contained  in  the 
principle  of 

The  Dissipation  of  Energy.  —  "No  known  iiatural  process  i.s 
exactly  reversible,  and  whenever  an  attempt  is  made  to  transform 
or  retransform  energy  by  an  imperfect  process,  part  of  the  energy 
is  necessarily  tran.sformed  into  heat  and  dissipated,  so  as  to  be 
incapable  of  further  useful  transformation.  It  therefore  follow."^ 
that  as  energy  is  constantly  in  a  state  of  transformation,  there  is  a 
constant  degradation  of  energy  to  the  final  unavailable  form  of 
uniformly  diffused  heat ;  and  this  will  go  on  as  long  as  transforma- 
tions occur,  until  the  whole  energy  of  the  universe  has  taken  thi.^ 
final  form."     See  N.  Brit.  Rev.,  May,  186-i. 

"  There  is  consequently,"  says  Prof.  Thomson,  "  so  far  as  we  under-,, 
stand  the  present  condition  of  the  universe,  a  tendency  towards  a 
state  in  which  all  physical  energy  will  be  in  the  state  of  heat,  and 
that  heat  so  diffu.sed  that  all  matter  will  be  at  the  same  temperature; 
so  that  there  will  be  an  end  of  all  physical  phenomena." 

Vast  as  this  speculation  may  seem,  it  appears  to  be  soundly 
based  on  experimental  data,  and  to  represent  truly  the  f^reseut  con- 
dition of  the  universe,  so  far  as  we  know  it.  See  Prof.  Thomson 
"On  a  Universal  Tendency  in  Nature  to  the  Dissipation  of  Mechanical 
Energy:'— ?voc.  K.  S.  Ediub.  and  Phil.  Mag.,  1852. 
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The  energy  of  a  movinrj  body  is  the  work  which  it  is  capable  of 
performing  against  a  resistance  before  being  brought  to  rest,  and  is 
equal  to  the  force  which  must  act  on  the  body  to  move  it  from  a 
state  of  rest  to  the  givai  velocity.  This  force  is  measured  by  the 
product  of  the  mass  of  the  body  into  the  height  from  which  it 
must  fall  in  order  to  acquire  the  given  velocity;  which  is  expressed 
thus : 

Energy=-2y 

g  representing  as  usual,  the  velocity  acquired  by  a  body  at  the  end 
of  the  first  second  pf  its  fall. 

Energy  may  be  of  two  kinds  (1),  Kinetic  energy,  or  energy  of 
motion,  and  (2)  Potential  energy,  or  energy  of  position  or  of  condi- 
tion. Thus,  the  energy  of  a  ball  shot  vertically  upward,  is  entirely 
kinetic  at  the  moment  of  its  discharge,  while  its  energy  is  all 
potential,  or  one  of  position,  when  it  has  reached  the  summit  of 
its  flight  and  begins  to  descend.  It  is  evident  that  the  ball  in 
descending,  will  gradually  lose  potential  energy  and  gain  kinetic 
energy  (the  sum  of  the  two  energies  always  remaining  constant), 
and  when  it  has  reached  the  level  from  which  it  was  discharged 
upward,  its  energy  is  again  all  kinetic,  and  equal  to  what  it  was 
when  it  began  its  upward  flight.  An  oscillating  pendulum  is  an 
instance  where  the  energy  is  alternately  kinetic  and  potential. 

All  the  various  forms  of  energy  may  be  brought  under  two 
classes. 

I.    Visible  Brier gy,  or  energy  of  visible  motions  and  positions. 
II.  Afolecnlar  Energy. 

Under  class  1.  we  have 

A.  Visible  kinetic  energy. 

B.  Potential  energy  of  visible  arrangement,  as  for  examples, 

a  head  of  water ;  a  coiled  spring ;  a  raised  weight. 
Under  class  II. 

C.  The  energy  of  electricity  in  motion. 

D.  The  energy  of  radiant  heat  and  light. 

E.  The  kinetic  energy  of  absorbed  heat. 

F.  Atolecular  potential  energy. 

G.  Potential  energy  caused  by  electrical  separation. 
H.  Potential  energy  caused  by  chemical  separation. 

Now  with  regard  to  these  various  forms  of  energy,  the  principle 
of  the  conservation  of  energy  asserts  that  for  a  body  left  to  itself, 
or  for  the  entire  material  universe,  we  must  have 
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A+  B  +  C  -f  D  +  &c.,  =  a  constant  quantity. 

On  the  other  hand,  the  various  terms  of  the  left  hand  nieml3er  of 
this  equation  must  be  considered  as  variable  quantities,  subject, 
however,  to  the  above  limitation,  but  capable  of  being  trans- 
formed into  one   another  according  to  certain  laws. 

Laws  of  tJie  transmutations  of  enerrjy. — The  following  are  among 
the  most  important  cases  of  transmutation  of  these  energies  into 
one  another. 

A  into  B,  when  a  weight  is  projected  upwards ;  into  C,  when  a 
conductor  revolves  between  the  poles  of  a  magnet.  A  is  not  trans- 
muted directly  into  D;  it  is  into  E,  F  and  G.  A  is  not  directly  con- 
verted into  H. 

B  can  be  converted  into  A,  and  through  it  into  other  forms  of 
energy. 

C  can  be  transmuted  into  A,  into  E,  into  F,  and  into  ^. 

D  can  be  transmuted  into  E,  into  F,  and  into  H. 

E  and  F  is  converted  into  A  and  into  B,  in  the  action  of  any 
heat-engine ;  into  C,  into  D ;  into  G  when  tourmalines  are  heated ; 
and  into  H. 

G  can  be  converted  into  A  and  into  C. 

H  can  be  transmuted  into  C ;  into  E,  into  F,  and  into  G.  (See 
Elementary  Treatise  on  Heat,  by  Balfour  Stewart,  Oxford,  1866.) 

Sources  of  Enerrjy. — The  energy  available  for  the  production  of 
mechanical  work  is  almost  entirely  potential,  and  consists  of 

Potential  forms  of  Energy. 

1.  Energy  of  Fuel. 

2.  Energy  of  Food. 

3.  Energy  of  Ordinary  Water-Power. 
-i.  Energy  of  Tidal  Water-Power. 

5.  Energy  of  Chemical  separation  implied  in  native  sulphur, 
native  metals,  free  oxygen,  &c. 

Of  Kinetic  forms  of  Energy. 

6.  Energy  of  Winds  and  Ocean  Currents. 

7.  Energy  of  Direct  Rays  of  the  Sun. 

8.  Energy  of  Volcanoes,  Hot  Springs  and  Internal  lleat  of  the 
Earth. 
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"The  immediate  sources  of  these  supplies  of  energy  are  four: — 

I.  Primordial  Potential  Energy  of  Chemical  Affinity,  which 

probably  still  exists  in  native  metals,  native  sulphur,  &c., 

but  whose  amount,  at  all  events  near  the  surface  of  the 

earth,  is  now  very  small. 

II.  Solar  Eadiation.       III.  The  Earth's  rotation  about  its  axis. 

IV.  The  Internal  Heat  of  the  Earth. 

Thus,  as  regards  (1)  our  supplies  of  fuel  for  heat-engines  are,  as 
was  long  ago  remarked  by  Herschel  and  Stephenson,  mainly  due  to 
solar  radiation.  Our  coal  is  merely  the  result  of  transformation 
in  vegetables,  of  solar  eilergy  into  potential  energy  of  chemical 
affinity.  So,  on  a  small  scale,  are  diamond,  amber  and  other  com- 
bustible products  of  primeval  vegetation.  As  Prof.  Thomson 
remarks,  wood  fires  give  us  heat  and  light  which  have  been  got 
from  the  sun  a  few  years  ago.  Our  coal  fires  and  gas  lamps  bring 
out,  for  our  present  comfort,  heat  and  light  of  a  primeval  sun, 
which  have  lain  dormant  as  a  potential  energy,  beneath  seas  and 
mountains  for  countless  ages. 

Though  (II)  thus  accounts  for  the  greater  part  of  our  store  of 
energy,  (I)  must  also  be  admitted,  though  to  a  very  subordinate  place. 

As  to  (2),  the  food  of  all  animals  is  vegetable  or  animal,  and 
therefore  ultimately  vegetable.  This  energy,  then,  depends  almost 
entirely  on  (II).     This,  also,  was  stated  long  ago  by  Herschel. 

Ordinary  water-power  (3)  is  the  result  of  evaporation,  the  diffu- 
sion and  convection  of  vapor,  and  its  subsequent  condensation  at  a 
higher  level.     It  also  is  mainly  due  to  (II). 

,  Tidal  water-power  (4),  although  not  yet  much  used,  is  capable,  if 
properly  applied,  of  giving  valuable  supplies  of  energy.  As  the 
water  is  lifted  by  the  attraction  of  the  sun  and  moon,  it  may  be 
secured  by  proper  contrivances  at  its  higher  level,  and  then  becomes 
an  available  supply  of  energy  when  the  tide  has  fallen  again.  Any 
such  supply  is,  however,  abstracted  from  the  energy  of  the  earth's 
rotation  (III).  This  was  recognized  by  Kant;  Mayer  also  and  J. 
Thomson  showed  that  the  ebb  and  flow  of  the  tides  being  due  to 
the  earth's  revolving  on  her  axis  under  the  moon's  attraction,  the 
energy  of  the  tides  is  really  taken  from  the  energy  of  the  earth's 
revolution ;  part  of  which  is  thus  ultimately  dissipated  in  the  heat 
of  friction  caused  by  the  tides.  The  general  tendency  of  tides  on 
the  surface  of  a  planet  is  to  retard  its  rotation  till  it  turns  always 
the  same  face  to  the  tide-producing  body ;  and  it  is  probable  that 
the  remarkable  fact  that  satellites  generally  turn  the  same  face  to 
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their  primary,  is  to  be  accounted  for  by  tides  produced  by  the  pri- 
mary in  the  satellite  while  it  was  yet  in  a  molten  state. 

Winds  and  ocean  currents  (6),  both  employed  in  navigation,  and 
the  former  in  driving  machinery,  are,  like  (3),  direct  transformations 
of  solar  radiation  (II). 

As  to  (8),  which  is  due  to  (IV),  no  application  to  useful  mechanical 
purposes  has  yet  been  attempted. 

We  must  next  very  briefly  consider  the  origin  of  these  causes, 
with  the  exception  of  (I),  which  is  of  course  primary.  Laplace, 
Mayer  and  Ilelmholtz  come  to  our  assistance,  and  suggest  as  the 
initial  form  of  the  energy  of  the  univei^e,  the  potential  energy  of 
gravitation  of  matter  irregularly  diffused  through  infinite  space. 
By  simple  calculations  it  is  easy  to  see  that,  if  the  matter  in  the 
solar  system  had  been  originally  spread  through  a  space  enclosing 
the  orbit  of  Neptune,  the  falling  together  of  its  parts  into  separate 
agglomerations,  such  as  the  sun  and  planets,  would  far  more  than 
account  for  all  the  energy  they  now  possess  in  the  forms  of  heat 
and  orbital  and  axial  revolutions. 

The  sun  still  retains  so  much  potential  energy  among  its  parts, 
that  the  mere  contraction  by  cooling  must  be  sufficient  (on  ac- 
count of  the  diminution  of  potential  energy)  to  maintain  the 
present  rate  of  radiation  for  ages  to  come.  Moreover,  the  capacity 
of  the  sun's  mass  for  heat,  on  account  especially,  of  the  enormous 
pressure  to  which  it  is  exposed,  is  so  great  that  (at  the  least  and 
most  favorable  assumption)  from  7,000  to  8,000  years  must  elapse, 
at  the  present  rate  of  expenditure,  before  the  temperature  of  the 
whole  is  lowered  one  degree  centigrade,  although  the  amount  of 
solar  heat  received  by  the  earth  in  one  year  is  so  enormous  that  it 
would  liquify  a  layer  of  ice  100  feet  thick,  covering  the  whole 
surface  of  the  earth,  and  if  we  bear  in  mind  that  the  solar,  heat 
which  reaches  the  earth  in  any  time  is  only  j^ttooootjitc  ^^  ^^^^  hc^t 
which  leaves  the  sun,  we  may  obtain  some  idea  of  the  immense 
heating  power  of  the  radiation  from  our  luminary.* 

It  thus  appears  that  if  we  except  tidal-power,  the  sun's  rays  are 
the  ultimate  source  of  the  available  forms  of  energy  with  which  we 
are  surrounded.f 

*  If  the  entire  solar  radiation  were  employed  in  dissolving  a  layer  of  ice,  enclos- 
ing the  sun,  it  would  dissolve  a  stratum  10}  miles  thick  in  a  day. 

t  The  sketch  we  here  give  of  the  Sources  of  Energy,  is  taken  almost  entirely 
from  an  article  on  *'  Energy,'     in  the  N.  Brit.  Rev.,  May,  1864. 
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We  see,  from  the  above  exposition,  tbat  "Philosophers  have 
extended  their  ideas  of  quantity  from  matter  to  energy,  and  thus 
has  arisen  the  new  science  of  Energetics^  or  the  quantitative  study 
of  the  transformations  of  energy  (as  chemistry  is  the  quantitative 
study  of  the  transformations  of  matter),  comprehending  and  uniting 
all  the  different  branches  of  physical  science."- 

Efficiency  of  Heat- Engines. — After  Joule  had  determined  the 
mechanical  equivalent  of  heat,  engineers  had  the  means  of  testing 
the  actual  efficiency  of  heat-engines. 

If  the  number  of  thermal  units  produced  by  the  combustion  of 
one  pound  of  a  given  kind  of  fuel,  be  multiplied  by  Joule's  unit, 
772  foot-pounds,  tlie  result  is  the  total  heat  of  combustion  of  the 
given  fuel  expressed  in  foot-pounds.  This  quantity  ranges  between 
5,000,000  and  12,000,000  foot-pounds.  But  in  the  best  existing 
steam-engines,  it  is  found  that  on  an  average  only  about  \  of  the 
mechanical  value  of  the  heat  produced  by  the  fuel  biiruing  in  the 
furnace,  is  obtained  as  useful  mechanical  effect,  the  remaining  ^ 
being  wholly  lost. 

To  understand  the  cause  of  this  great  loss,  it  is  to  be  remembered 
that  in  every  heat-engine  the  heat  of  the  expansible  fluid- — which 
is  the  medium  by  which  the  heat  of  the  fuel  is  transformed  into  the 
motion  of  the  engine — disappears  as  heat  by  the  exact  equivalent, 
expressed  in  Joule's  units,  of  the  motion  produced.  Therefore  the 
greater  the  fall  in  heat  in  the  vapor,  which,  in  expanding,  cools  and 
gives  up  its  heat  as  motion,  so  will  be  the  efficacy  of  the  engine. 
Just  as  in  a  head  of  water,  where  the  greater  the  difference  between 
the  higher  and  lower  level,  the  greater  the  power  obtained.  But  in 
the  steam-engine  we  are  obliged  to  obtain  our  power  from  the  fall 
in  temperature  of  the  steam,  which  takes  place  in  its  expansion,  so 
that  in  a  steam-engine  the  power  obtained  is  measured  by  the  differ- 
ence of  temperature  between  the  boiler  and  condenser,  and  not  by 
the  difference  between  the  temperature  of  the  furnace  and  con- 
denser. Now,  in  the  furnace  the  temperature  is  about  3,000  degrees 
above  that  of  the  atmosphere,  while  the  temperature  of  the  boiler 
is  only  about  200  degrees  in  excess  of  that  of  the  condenser ;  there- 
fore it  is  evident  that  the  larger  fall  in  temperature  taking  place 
between  the  furnace  and  the  steam,  the  heat  is  lost  or  at  least  not 
utilized. 

In  a  perfect  engine  the  steam  would  enter  the  cylinder  at  the  tem- 
perature of  the  furnace,  and  expand  down  until  it  had  given  up  all 
its  heat  as  motion  to  the  piston,  and  would  then  enter  the  condenser 
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at  the  temperature  of  the  atmosphere ;  indeed,  snch  an  engine  would 
require  no  condenser,  for  the  steam  would  condense  itself  as  the 
heat  disappeared  in  its  transmutation  into  motion. 

We  will  conclude  this  sketch  on  the  subject  of  Energy,  with  a 
concise  statement  in  reference  to  the  efiiciency  of  heat-engines, 
taken  from  Prof  Eankine ;  referring  the  reader  who  desires  further 
information  on  this  important  and  interesting  subject  to  the  works 
given  below. 

"  The  total  heat  produced  in  the  furnace  is  expended,  in  any 
given  engine,  in  producing  the  following  effects,  whose  sum  is  equal 
to  the  heat  so  expended : — 

1.  The  ^vaste  heat  of  the  furnace,  being  from  O'l  to  O'O  of  the 
total  heat,  according  to  the  construction  of  the  furnace  and  the  skill 
with  which  the  combustion  is  regulated. 

2.  The  necessarily-rejected  heat  of  the  engine,  being  the  excess  of 
the  whole  heat  communicated  to  the  working  fluid  by  each  pound 
of  fuel  burned,  above  the  portion  of  that  heat  which  permanently 
dfeippears,  being  replaced  by  mechanical  energy. 

8.  The  heat  ivasted  by  the  engine,  whether  by  conduction  or  by 
non-fulfilment  of  the  conditions  of  maximum  efficiency. 

4.  The  useless  work  of  the  engine,  employed  in  overcoming  friction 
and  other  prejudicial  resistances. 

5.  The  useful  work.  The  efficiency  of  a  heat-engine  is  imj^rovcd 
by  diminishing  as  far  as  possible,  the  first  four  of  those  effects,  so 
as  to  increase  the  fifth. 

"  It  appears,  then,  that  the  efficiency  of  a  heat-engine  is  the  pro- 
duct of  three  factors,  viz  :  I.  The  efficiency  of  the  furnace,  being  the 
ratio  which  the  heat  transferred  to  the  working  fluid  bears  to  the 
total  heat  of  combustion ;  II.  The  efficiency  of  the  fluid,  being  the 
fraction  of  the  heat  received  by  it,  which  is  transformed  into 
mechanical  energy ;  and  III.,  The  efficiency  of  the  mechanism,  being 
the  fraction  of  that  energy  which  is  available  for  driving  machines." 

From  the  above  discussion,  we  see  immediately  that  by  super- 
heating the  steam  before  it  reaches  the  cylinder,  we  obtain  a  greater 
range  of  temperature  for  the  steam  to  fall  through  in  expanding, 
and  thus  render  efficacious  yet  more  of  the  heat  of  the  furnace. 

List  of  Works  on  the  Conservation  of  Force  and  Thermodynamics. 

The  Correlation  and  Conservation  of  Forces ;  a  collection  of  the 
papers  of  Mayer,  Ilelmholtz,  Faraday,  Orove,  Liehig  and  Carjienter. 
Edited  by  Dr.  Edward  L.  Youmans,  N.  Y.,  1865. 
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Joule. — On  the  Calorific  Effects  of  Magneto-Electri.city,  and  on 
the  Mechanical  Value  of  Heat.     Phil.  Mag.,  Vol.  XXIII.,  1843. 

On  tlie  Changes  of  Temperature  produced  by  the  Rarefaction  and 
Condensation  of  Air.     Phil.  Mag.,  May,  1845. 

On  the  Mechanical  Equivalent  of  Heat.     Phil.  Trans.,  1850. 

On  some  Thermodynamic  Properties  of  Solids.  Phil.  Trans., 
1859. 

On  the  Thermal  Effects  of  Compressing  Fluids.  Phil.  Trans., 
1859. 

Clausius. — The  Mechanical  Theory  of  Heat,  with  its  applications 
to  the  Steam  Engine  and  to  the  Physical  Properties  of  Bodies. 
Edited  by  T.  A.  Hirst,  with  an  Introduction  by  Prof.  Tyudall. 
London,  1867. 

Thomson  (William). — An  Account  of  Carnot's  Theory  of  the 
Motive  Power  of  Heat.     Trans.  R.  S.,  Edinb.,  1849. 

On  the  Dynamical  Theory  of  Heat. ,  Trans.  R.  S.,  Edinb.,  1852. 

Thomson  and  Joule. — On  the  Thermal  Effects  of  Fluids  in  Motion. 
Phil.  Trans.,  1853. 

On  the  Changes  of  Temperature  experienced  by  Bodies  moving 
through  Air.     Phil.  Trans.,  1860. 

Ranhine. — The  Steam  Engine  and  other  Prime  Movers.  London, 
1859. 

Verdei. — Expose  de  la  Th^orie  M6chanique  de  la  Chaleur.  Paris, 
1863. 

Him. — Exposition  Analytique  et  Exp^rimentale  de  la  Theorie 
Mechanique  de  la  Chaleur.  Paris,  1865. 

Saint — Robert. — Principes  de  Thermodynamique.     Turin,  1865. 

Bacon. — Novum  Organum,  De  Forma  Calidi,  book  2,  aph.  20.    , 

"  Now  from  this  our  first  vintage  it  follows,  that  the  form  or  true  definition  of 
heat  (considered  relatively  to  the  universe  and  not  to  the  sense)  is  briefiy  thus  : — 
Heat  is  a  motion,  expansive,  restrained,  a'nd  acting  in  its  strife  upon  the  smaller 
particles  of  bodies.  But  the  expansion  is  thus  modified  :  while  it  expands  all  ways, 
it  has  at  the  same  time  an  inclination  upwards.  And  the  struggle  in  the  particles 
is  modified  also  ;  it  is  not  sluggish,  but  hurried  and  with  violence." 

Locke — "Heat  is  a  very  brisk  agitation  of  the  insensible  parts  of  the  object, 
which  produce  in  us  that  sensation  from  whence  we  denominate  the  object  hot;  so 
what  in  our  sensation  is  heat,  in  the  object  is  nothing  but  motion^ 

Rumford. — Trans.  R.  S.  Lond.,  1798.  Kumford  placed  a  cannon  in  a  water- 
tight box,  so  that  it  could  rotate  against  a  blunt  borer  firmly  pressed  against  the 
bottom  of  its  chamber.  The  box  was  filled  with  water  of  a  temperature  of  60°  F., 
and  the  cannon  set  in  rotation  by  the  power  of  horses. 

"  The  result  of  this  beautiful  experiment  was  very  striking,  and  the  pleasure  it 
afforded  me  amply  repaid  me  for  all  the  trouble  I  had  had  in  contriving  and 
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arranging  the  complicated  machinery  used  in  making  it.  The  cylinder  had  been 
in  motion  but  a  short  time,  when  I  perceived,  by  putting  my  hand  into  the  water, 
and  touching  the  outside  of  the  cylinder,  that  heat  was  generated. 

"At  the  end  of  an  hour  the  fluid,  which  weighed  18-77  lbs.,  or  21  gallons,  had 
its  temperature  raised  47  degrees,  being  now  107  degrees. 

"  In  thirty  minutes  more,  or  one  hour  and  thirtj-  minutes  after  the  machinery 
had  been  set  in  motion,  the  heat  of  the  water  was  142  degrees. 

"At  the  end  of  two  hours  from  the  beginning,  the  temperature  was  178  degrees. 

"At  two  hours  and  twenty  minutes  it  was  200  degrees,  and  at  two  hours  and 
thirty  minutes  it  actually  boiled. 

"  From  the  results  of  my  computations,  it  appears  that  the  quantity  of  heat 
produced  equably,  or  in  a  continuous  stream,  if  I  may  use  the  expression,  by  the 
friction  of  the  blunt  steel  borer  against  the  bottom  of  the  hollow  metallic  cylinder, 
•KS&s  greater  than  that  produced  in  the  combustion  of  nine  toax  candles,  each  \  inch 
in  diameter,  all  burning  together  with  clear  bright  flames. 

"One  horse  would  have  been  equal  to  the  work  performed,  though  two  were 
actually  employed.  Heat  may  thus  be  produced  merely  by  the  strength  of  a  horse, 
and,  in  case  of  necessity,  this  heat  might  be  used  in  cooking  victuals.  But  no 
circumstances  could  be  imagined  in  which  this  method  of  procuring  heat  would  be 
advantageous ;  for  more  heat  might  be  obtained  by  using  the  fodder,  necessary  for 
the  support  of  a  horse,  as  fuel. 

*  *  *  *  *  "It  is  hardly  necessary  to  add,  that  anything  which  any  insw/a^fti 
body  or  system  of  bodies  can  continue  to  furnish  without  limitation,  cannot  possibly 
be  a  material  substance;  and  it  appears  to  me  to  be  extremely  diflicult,  if  not 
quite  impossible,  to  form  any  distinct  idea  of  anything  capable  of  being  excited 
and  communicated  in  those  experiments,  except  motion." 

Davy. — First  scientific  memoir,  entitled  "On  ITeat,  Light,  and 
the  Combinations  of  Light."     Works  Vol.  II. 

"Experiment. — I  procured  two  parallelopipedons  of  ice,  of  the  temperature  of 
29°,  six  inches  long,  two  wide,  and  two-thirds  of  an  inch  thick  ;  they  were  fastened 
by  wires,  to  two  bars  of  Iron.  By  a  peculiar  mechanism,  their  surfaces  were 
placed  in  contact,  and  kept  in  a  continued  and  most  violent  friction  for  some 
minutes.  They  were  almost  entirely  converted  into  water,  which  water  was 
collected,  and  its  temperature  ascertained  to  bo  35°,  after  remaining  in  an  atmos- 
phere of  a  lower  temperature  for  some  minutes.  The  fusion  took  place  only  at  the 
plane  of  contact  of  the  two  pieces  of  ice,  and  no  bodies  were  in  friction  but  ice. 

"  From  this  experiment  it  is  evident  that  ice  by  friction  is  converted  into  water 
and  according  to  the  supposition,  its  capacity  is  diminished  ;  but  it  is  a  well-known 
fact  that  the  capacity  of  water  for  heat  is  much  greater  than  that  of  ice ;  and  ice 
must  have  an  absolute  quantity  of  heat  added  to  it  before  it  can  be  converted  into 
water.  Friction  consequently  does  not  diminish  the  capacity  of  bodies  for  heat. 
******* 

"Now  a  motion  or  vibration  of  the  corpuscules  of  bodies  must  be  necessarily 
generated  by  friction  and  percussion.  Therefore  we  may  reasonably  conclude  that 
this  motion  or  vibration  is  heat,  or  the  rejjulsive  power. 

Davy  in  his  Chemical  Philosophy,  p.  95,  says : 

II*  *  *  *  The  immediate  cause  of  the  phenomena  heat,  then,  is  motion,  and 
the  laws  of  its  communication  are  precisely  the  same  as  the  laws  of  the  communi- 
cation of  motion." 
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A  process  similar  to  the  above  classical  experiment  of  Davy,  has  from  time 
immemorial  been  used  by  savage  nations  in  obtaining  fire  by  means  of  friction : 
not  by  rubbing  together  sticks,  as  usually  stated,  for  no  one  could  thus  produce 
ignition,  but  by  tohirling  rapidly,  a  pointed  rod  against  a  wooden  block,  by  means 
of  an  arrangement  similar  to  the  watchmaker's  bow  and  drill.  It  is  worthy  of 
remark  that  this  apparatus  has  everywhere  the  same  form,  whether  used  by  tlie 
islanders  of  the  Pacitic  or  by  the  aborigines  of  our  own  country.  One  of  these 
instruments  can  be  seen  in  the  State  Cabinet  of  Natural  History  of  New  York. 

Henry  (Dr.  Joseph). — Meteorology — Patent  Office  Keport  for 
1857. 

On  Acoustics  applied  to  Public  Buildings — Smithsonian  Eeport, 
1856,  p.  228. 

"The  tuning-fork  w^s  next  placed  upon  a  cube  of  India  rubber,  and  this  upon 
the  marble  slab.  The  sound  emitted  by  this  arrangement  was  scarcely  greater 
than  in  the  case  of  the  tuning-fork  suspended  from  the  cambric  thread,  and  from 
the  analogy  of  the  previous  experiments,  we  might  at  first  thought  suppose  the 
time  of  duration  would  be  great ;  but  this  was  not  the  case.  The  vibrations  con- 
tinued only  about  forty  seconds.  The  question  may  hero  be  askqd,  what  became 
of  the  impulses  lost  by  the  tuning-fork?  They  were  neither  transmitted  through 
the  India  rubber  nor  given  off  to  the  air  in  form  of  sound,  but  were  probably 
expended  in  producing  a  change  in  the  matter  of  the  India  rubber,  or  were  con- 
verted into  heat,  or  both.  Though  the  inquiry  did  not  fall  strictly  within  the 
line  of  this  series  of  investigations,  yet  it  was  of  so  interesting  a  character  in  a 
physical  point  of  view  to  determine  whether  heat  was  actually  produced,  that  the 
following  experiment  was  made. 

*  *  *  "And  the  point  of  a  compound  wire,  formed  of  copper  and  iron,  was 
thrust  into  the  substance  of  the  rubber,  while  the  other  ends  of  the  wire  were 
connected  with  a  delicate  galvanometer.  The  needle  was  suffered  to  come  to  rest, 
the  tuning-fork  was  then  vibrated,  and  its  impulses  transmitted  to  the  rubber.  A 
very  perceptible  increase  of  temperature  was  the  result.  The  needle  moved  through 
an  arc  of  from  one  to  two  and  a  half  degrees.  The  experiment  was  varied,  and 
many  times  repeated ;  the  motions  of  the  needle  were  always  in  the  same  direc- 
tion, namely,  in  that  which  was  produced  when  the  point  of  the  compound  wire 
was  heated  by  momentary  contact  with  the  fingers.  The  amount  of  heat  generated 
in  this  way  is,  however,  small,  and  indeed,  in  all  cases  in  which  it  is  generated  by 
mechanical  means,  the  amount  evolved  appears  very  small  in  comparison  with  the 
labor  expended  in  producing  it." 

Leibnitz. — "  The /orce  of  a  moving  body  is  proportional  to  the  square  of  its 
velocity,  or  to  the  height  to  which  it  would  rise  against  gravity." 

Wollaston. — Bakerian  Lectuj:e  on  the  Force  of  Percussion.  Phil. 
Trans.,  Vol.  XCVI.,  1806. 

"  In  short,  whether  we  are  considering  the  sources  of  extended  exertion  or  of  accu- 
mulated energy,  whether  wo  compare  the  accumulated  forces  themselves  by  their 
gradual  or  by  their  sudden  effects,  the  idea  of  mechanic  force  in  practice  is  always 
the  same,  and  is  proportional  to  the  space  through  which  any  moving  force  is 
exerted  or  overcome,  or  to  the  squaj-e  of  the  velocity  of  a  body  in  which  such  force 
is  accumulated." 

Tyndall. — Heat  considered  as  gi  Mode  of  Motion.  New  York, 
1863. 
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I  need  hardly  refer  the  reader  to  this  charming  exposition  of 
Prof.  Tyndall ;  who,  by  his  enthusiasm  and  vividness  of  illustration, 
has  rendered  his  subject  so  popular  that  his  work  is,  in  this  country, 
in  the  library  of  nearly  every  man  of  culture. 

(To  be  continued.) 
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By  Johx  Mayer,  F.  C.  S. 

(Concluded  from  page  45.) 

Many  interesting  observations  were  also  made  on  nitro-glycerine, 
both  in  the  protected  and  explosive  states,  by  a  Royal  Commission, 
appointed  from  the  Engineer  Corps  of  the  Prussian  army.  They 
were  made  in  the  year  1866,  at  Glogau,  in  Silesia.  One  or  two  of 
the  experiments  may  be  mentioned.  Protected  nitro-glycerine  was 
poured  into  a  tin  vessel,  seven  inches  square,  and  twelve  inches  high, 
and  fired  at  with  a  breech-loading  musket,  from  a  distance  of  seventy 
feet,  or  thereabouts.  At  the  first  trial  common,  and  at  the  second 
explosive,  cartridges  were  used.  When  the  ball  struck  there  was 
no  explosion  in  either  case.  "  In  order  to  ascertain  its  character  of 
safety  during  transport,  two  conveyances  of  inexplosive  nitro-glyoe- 
rine  were  undertaken.  The  distance  of  the  first  tour,  via  Bauschwitz 
and  Gurken,  was  about  one  German  mile.  The  carts  passed  over 
macadamized  roads,  good  and  bad,  and  returned  in  about  one  hour. 
A  tin  bottle,  containing  three  and  a  half  ounces  of  protected  nitro- 
glycerine, was  put  into  an  old  powder-box,  and  secured  in  such  a 
manner  as  to  admit  of  its  moving  backwards  and  forwards  without 
falling  down ;  nor  was  it  entirely  filled.  The  powder-box  was  at- 
tached to  the  hind  axle-tree  of  a  wagon  with  racks.  Every  pace 
of  the  horses  was  tried  without  any  explosion  taking  place.  At 
the  second  trial  four  horses  were  put  to  an  Austrian  ammunition 
wagon.  One  pound  of  inexplosive  nitro-glycerine  was  put  into  this 
wagon,  in  a  tin  bottle,  one-third  empty,  and  the  latter  secured  so 
as  to  allow  it  to  move  to  and  fro  without  falling  down.  This  trip 
was  somewhat  longer,  the  cart  going  over  about  two  German  miles 
of  ground.  The  cart  was  driven  intentionally  over  the  very  worst 
parts  of  the  road,  and  at  the  most  rapid  pace.  On  the  road  the  bottle 
was  inspected  and  was  found  to  leak  at  the  mouth.  By  this  means, 
some  blasting  liquid  had  accumulated  at  the  bottom  of  the  wagon, 
which  by  evaporation  must  have  become  explosive.  But,  as  even 
explosive  nitro-glycerine  does  not  explode  on  wood,  when  struck 
ever  so  hard  mth  a  hammer,  the  trial  was  continued.     In  order  to 
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ascertain  finally  whether  a  prolonged  uniform  mtovement  leads  to  a 
result  different  to  that  of  violent  shocks,  the  cart  was  driven  from 
Bauschwitz  to  the  scene  of  the  experiments,  about  half  a  German 
mile,  half  of  the  road  stone  Jpavement,  in  a  sharp  but  regular  trot. 
No  explosion  took  place," 

The  transformation  of  protected  into  ordinary  nitro-glycerine  is 
effected  by  thoroughly  agitating  it  with  water,  and  allowing  the 
mixture  to  settle  for  a  short  while.  By  this  means  the  water  dis- 
solves out  the  methyl-alcohol,  and  the  mixture  of  spirit  and  water 
readily  rises  to  the  surface,  in  virtue  of  its  low  specific  gravity,  and 
can  be  removed  by  means  of  a  siphon,  or  by  simply  pouring  it  off. 
The  blasting  liquid  is  now  ready  for  use.  It  would  seem  that  the 
methyl-alcohol  is  by  this  means  separated  very  readily  from  the 
nitro-glycerine  held  in  solution  by  it.  If  protected  blasting  liquid 
be  kept  in  a  closed  vessel,  it  will  remain  in  that  state  for  an  indefi- 
nite period  of  time,  and  ready  at  any  moment  to  be  reduced  or  ren- 
dered fit  for  action ;  if,  however,  it  be  exposed  in  an  open  vessel,  it 
will  regain  its  explosiveness,  in  periods  of  time  proportionate  to  the 
amount  or  degree  of  exposure.  In  the  experiments,  for  instance, 
which  were  instituted  by  the  Prussian  Military  Commission,  it  was 
observed  that  protected  nitro-glycerine,  exposed  to  the  air  in  an 
open  glass,  only  acquired  explosiveness  on  the  twenty -first  day, 
although  it  was  tried  every  second  or  third  day ;  and  such  protected 
liquid,  after  being  exposed  in  an  open  bottle  with  a  narrow  neck  for 
twenty-one  days,  exhibited  no  tendency  to  explosion  even  then, — 
thus  showing  that  comparative  confinement  of  the  liquid  very  greatly 
retards  the  evaporation  of  the  solvent  and  protecting  wood-spirit. 

As  an  explosive  capable  of  being  practically  used,  nitro-glycerine 
is  quite  an  exceptional  substance,  from  the  circumstance  of  its  being 
a  liquid  compound.  There  are  other  liquid  explosives, — as  the  so- 
called  chloride  of  nitrogen,  for  instance, — but  nobody  has  ever  yet 
succeeded  in  practically  applying  them,  or  even  ventured  to  pre- 
pare any  of  them  in  large  quantity.  The  force  exerted  by  nitro- 
glycerine, during  an  explosion,  is  truly  marvellous;  indeed,  no 
correct  conception  can  be  formed  of  it  by  any  person  who  has  not 
himself  experimented  with  it,  or  has,  at  all  events,  seen  the  experi- 
ments performed.  "Weight  for  weight,  the  new  explosive  is  ten 
times  more  powerful  than  gunpowder.  The  extraordinary  mechani- 
cal or  eruptive  power  which  it  exerts  is  partly  owing  to  the  fact 
that  there  is  no  solid  residue  attending  the  explosion,  and  that  the 
enormous  pressure  exerted  by  the  resulting  gases  is  due  to  the  great 
rapidity  of  the  explosion.  The  rocks  being  blasted  have  not  time 
enough  permitted  them  to  effect  any  sensible  cooling  and  condens- 
ing of  the  vapors.  In  fissured  rocks  this  rapidity  of  explosion  is 
of  immense  consequence ;  it  is  so  very  great  that  the  tamping  em- 
ployed in  blasting  operations,  is  in  many  cases  not  ejected  from  the 
bore-holes,  although — by  preference — it  is  almost  invariably  quite 
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loose,  consisting  of  sand,  slate-dust,  or  other  finely  divided  solid 
matter,  or  even  ordinary  water. 

Hard  tamping  is  of  comparatively  little  use,  owing  to  another 
very  curious  property  possessed  by  nitro-glycerine,  namely,  that  of 
"striking  down,"  as  it  has  been  called,  or  of  exerting  its  explosive 
force — unlike  gunpowder — almost  entirely  in  a  dowuAvard  direction. 
This  circumstance  is  intimately  connected  with  the  explosion  on 
board,  and  ultimate  destruction  of,  the  steamship  'European'  at 
Aspinwall.  The  nitro-glycerine  taken  by  that  vessel  from  Liver- 
pool was  placed  in  the  very  bottom  of  the  hold,  owing  to  its  being 
shipped  as  a  liquid.  There  is  not  room  here  to  discuss  all  the  ^ro5 
and  cons  of  that  catastrophe ;  but  one  or  two  facts  may  be  men- 
tioned, as  they  have  great  scientific  and  practical  interest,  and  some 
of  them,  although  brought  out  at  the  Liverpool  trial  last  summer 
and  made  public,  have  been  misinterprete'd.  It  is  known  that,  be- 
sides the  seventy-two  281b.  cases  of  nitro-glycerine,  there  were  some 
20,000  percussion  caps  and  other  combustible  substances  on  board. 
It  is  also  known  that  there  were  three  explosions,  the  first  being 
very  loud,  and  occurring  about  twenty  minutes  before  the  second, 
which  was  not  nearly  so  loud,  and  the  the  third  and  last  occurring 
after  the  vessel  had  taken  fire,  and  had  been  for  some  time  out  at  sea, 
where  she  had  been  towed  by  another  steamer,  and  where  she  con- 
tinued to  burn,  .and  eventually  went  down.  The  nitro-glycerine  con- 
fined in  the  hold  of  a  large  iron  steamer  in  such  a  warm  climate, 
woi^ld  necessarily  be  in  a  somewhat  sensitive  state.  The  sponta- 
neous combustion  theory  set  up  at  the  Liverpool  trial,  and  supported 
by  Professors  Abel  and  Eoscoe,  is  not  necessary  to  account  for  the 
results.  The  first  explosion  was 'certainly  due  to  nitro-glycerine, 
a  case  of  which  was  being  hoisted  up  by  a  steam  crane,  and  with 
such  rapidity  that  when  near  the  deck  it  struck  against  a  beam  and 
immediately  exploded,  when  it  was  observed  that  two  iron  plates 
were  blown  off  the  top  of  the  vessel  on  the  port  side  and  near  the 
stern.  There  seems  to  be  no  room  for  doubting  that  the  last  explo- 
sion was  also  caused  by  nitro- glycerine,  when  the  loudness  of  that 
explosion — it  was  louder  than  tlie  second — is  borne  in  mind,  as  also 
the  intense  heat  of  the  burning  ship,  the  position  occupied  by  the 
remaining  seventy-one  cases  of  the  liquid,  the  "striking  down" 
character  of  an  explosion  of  nitro-glycerine,  and  the  fact  that  the 
said  explosion  caused  the  ship  to  go  down.  That  it  did  not  seem 
so  loud  as  the  first  explosion,  is  accounted  for  by  the  circumstance 
that  the  ship  was  not  then  lying  at  the  wharf,  but  was  some  distance 
out  at  sea,  and  by  the  fact,  also,  that  the  nitro-glycerine  was  at  the 
very  bottom  of  the  hold,  at  least  ten  or  fifteen  feet  below  the  surface 
of  the  water. 

Had  we  space  at  command,  it  would  be  profitable  to  discuss  the 
facts  and  suppositions  connected  with  the  Newcastle  explosion,  as 
that  occurrence  is  invested  with  a  great  amount  of  interest.     The 
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evidence  at  the  coroner's  inquest — as  at  the  Liverpool  trial — brought 
forth  the  usual  theory  of  spontaneous  decomposition,  supported  by 
the  stock  arguments.  As  we  happen  to  know  something  of  the 
history  of  the  Newcastle  nitro-glycerine,  we  may  oppose  a  few  facts 
to  the  fiction  which  the  Newcastle  coroner  was  compelled  to  listen 
to.  To  do  so  may  possibly  disabuse  the  minds  of  some  persons  of 
the  prejudices  acquired  by  the  untoward  event  of  December  last. 
The  nitro-glycerine  in  question  was  manufactured  at  Hamburg  in 
the  usual  way,  mixed  with  methyl-alcohol,  and  shipped  as  inexplo- 
sive  blasting  liquid,  at  the  commencement  of  the  winter  1866-7,  on 
board  a  vessel  which,  on  account  of  an  accident,  had  to  put  into  Har- 
wich, where  the  cargo  was  received  into  two  lighters,  and  remained 
about  two  months  exposed  to  the  severest  weather  of  the  season. 
One  of  the  cases  wa§  opened  at  Harwich,  in  order  to  get  a  sample, 
but  that  was  found  to  be  an  impossibility,  as  the  contained  nitro- 
glycerine was  a  perfectly  solid  ice-like  mass.  The  weather  had  appa- 
rently destroyed  the  effect  of  the  methyl-alcohol.  When  the  substance 
was  conveyed  to  Carnarvon,  part  of  it  was  washed  with  water  in  the 
usual  way,  to  remove  the  alcohol,  as  if  it  were  still  protected.  But 
that  was  found  to  be  unnecessary.  The  slate  quarrymen  fired  it 
with  gunpowder  without  any  difficulty,  and  it  was  evident  that  the 
effect  of  the  alcohol,  if  not  entirely  destroyed  was  nearly  so.  Twenty- 
four  of  the  cases — 6  cwt. — were  sent  into  the  Newcastle  district  in 
July  last.  A  large  portion  of  it,  as  is  now  well  known,  was  stored 
in  the  town  of  Newcastle,  in  contravention  of  the  provisions  o^he 
"  Carriage  and  Deposit  of  Dangerous  Goods  Act,  1866."  At  the 
fatal  Town  Moor,  three  of  the  tin  cases,  the  tops  of  which  were 
strongly  soldered  down,  were  forcibly  opened  by  means  of  a  spade, 
and  found  to  contain  a  quantity  of  solid  nitro-glycerine.  In  this 
state,  practical  men  know  it  to  be  more  difficult  to  explode  than 
when  in  the  liquid  state ;  but  that  it  resisted  such  violent  treatment 
is  almost  inconceivable,  and  that  Sub-Inspector  Wallace  is  still 
living  is  little  short  of  a  miracle.  Is  it  possible  that  any  sane  per- 
son can  believe  that  the  crystallized  nitro-glycerine  after  such  a 
rough  career  and  such  violent  usage  could  explode  spontaneously  ? 
that  it  was  so  sensitive  that  the  simple  "slipping  or  friction  of  one 
piece  upon  another  brought  about  the  fatal  explosion  ?  We  sin- 
cerely hope  not. 

That  nitro-glycerine  has  properties  of  peculiar  value  in  blasting 
operations  may  be  inferred  from  the  following  facts : — 

The  first  and  most  successful  company  formed  for  the  manufac- 
ture of  the  substance,  is  one  formed  at  Stockholm,  towards  the  end 
of  the  year  1864,  and  the  shareholders  in  which  are  all  Sivedtsh 
miners,  with  the  exception  of  one  who  is  the  director  of  the  Stock- 
holm Private  Bank.  The  shares  are  much  in  request,  but  they  are 
not  in  the  market,  and  cannot  be  had,  and  the  dividends  are  greater 
than  the  directors  care  to  tell.     The  rapidity  with  which  the  Swe- 


Nitro- Glycerine:  its  Claims  as  a  New  Industrial  Agent.      123 

dish  miners  took  to  the  use  of  the  new  blasting  agent  is  most  extra- 
ordinary. The  great  tunnel  of  the  Central  Railway  through  Stockholm 
was  blasted  throughout  with  nitro-glycerine  made  by  that  company. 
A  stupid  accident  occurred — not  an  explosion  of  the  blasting  liquid 
— which  frightened  the  authorities  so  much  that  a  royal  order  was 
issued  that  no  more  than  two  pounds  of  nitro-glycerine  should  be 
stored  in  one  place  within  the  city;  but  the  workmen  declared,  one 
and  all,  that  they  would  resign  rather  than  work  again  with  gun- 
poAvder  for  the  same  pay.  For  a  few  days,  the  royal  order  remained 
in  force,  but  it  was  then  cancelled  by  dint  of  necessity,  and  the  work 
of  the  tunnel  proceeded  to  completion — the  greatest  underground 
work  executed  by  the  new  blasting  agent.  Mr.  Eric  Unge,  the  chief 
engineer  and  managing  director,  speaks  very  highly  of  the  advan- 
tages of  using  nitro-glycerine,  including  amongst  them  the  saving 
■  of  23  per  cent,  on  the  cost  of  blasting,  and  87  per  cent,  greater  speed 
than  with  the  use  of  gunpowder. 

In  the  largest  slate  quarries  of  North  Wales — some  of  them  of 
immense  extent — a  larger  amount  of  money  is  spent  yearly  on  nitro- 
glycerine than  on  gunpowder  for  blasting  purposes;  and  in  many 
cases  the  men  make  their  bargains  dependent  on  the  quarry  pro- 
prietors, undertaking  to  guarantee  a  supply  of  nitro-glycerine.  Tons 
of  this  substance  are  used  annually  in  the  Welsh  slate  quarries,  and 
yet  accidents  from  its  use,  or  rather  its  abuse,  are  almost  never  heard 
of.  At  the  Penrhyn  and  Dinorwic  quarries,  one  quarter  of  a  ton  per 
month  is  used.  Mr.  Parry,  the  manager  of  the  Dinorwic  quarries, 
was  recently  asked  about  the  danger  of  using  nitro-glycerine  as  a 
blasting  agent.  He  said  they  never  had  an  accident  with  it,  while 
the  accidents  from  gunpowder  were  so  numerous  during  the  past 
year,  that  he  really  could  not  tell  how  many  there  had  been. 

These  are  only  samples  of  scores  of  facts  which  might  be  quoted 
in  respect  of  the  safety,  the  remarkable  properties,  and  extensive 
use  now  attained  by  nitro-glycerine.  In  concluding,  we  may  use 
the  language  of  one  of  our  correspondents,  who  favors  us  with  his 
experience  as  a  practical  man.  He  says: — "Miners  may  have 
dreamed  of  a  blasting  material  ten  times  as  strong  as  gunpowder, 
exploding  with  such  velocity  as  to  need  no  tamping,  unaflfected  by 
water,  blasting  seamy  as  well  as  the  hardest  and  most  solid  rock,  and 
leaving  no  smoke;  but  surely  in  this  substance  the  very  properties 
most  needed  are  realized  to  such  an  extent  as  to  appear  Utopian  or 
extravagant  to  all  those  who  have  not  tried  it  for  themselves.  What- 
ever its  drawbacks  may  be,  nitro-glycerine  certainly  deserves  a  fair 
and  liberal  investigation.  Nature  and  science  hav^  placed  at  our 
command  one  of  the  most  powerful  agents  ever  sent  forth  from  their 
united  laboratory ;  neighboring  nations  have  learned  to  tame  its 
somewhat  rebellious  nature,  and  why  should  not  we  follow  the  ex- 
ample which  they  have  set  us?" 
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THE  GIFFARD  INJECTOR. 

(Continued  from  page  58.) 

Having  thus  considered  the  theory  of  this  apparatus,  we  will 
now  describe  its  actual  structure  and  operation,  and  first  in  its  ori- 

ginal  form. 

^  ^'-  ^  Referring  to  the  cut,  Fig. 

3,  which  exhibits  a  section 
of  the  apparatus  as  formerly 
manufactured  by  the  Messrs. 
Sellers,  of  this  city,  we  see, 
first,   a  pipe,  A,  by  which 
steam  is  admitted  from  the 
boiler,  and  passing  through 
orifices    cut    between    the 
threads  of  the  hollow  screw, 
bZ>,  enters  the  space,  6,  from 
which  it  passes  out  by  the 
conical    nozzle,   c,  its  flow 
being   regulated  by  adjust- 
ment of  the  conical  rod  or 
plug,  controlled  by  the  han- 
dle, d,  and  screw-thread,  OB. 
At  E  is  another  pipe  supply- 
ing water  to  the  annular  space 
about  c,  from  a  reservoir,  not 
more  than  5  feet  below,  from 
which  it  may  pass  out  by 
the   conical  nozzle,   FH,  its 
'amount  being  regulated  by 
the  position  of  the  tube  or 
nozzle,    c,    which    is    con- 
trolled by  the  hand- wheel,  G, 
and  screw-thread.    Opposite 
and  in  line  with  the  nozzle, 
Fii,  is  a  conical  tube,  having 
a  valve,  k,  at  its  further  end, 
from  which  the  pipe  leads  to 
the  water  space  of  the  boiler. 
Around  the  two  last-named 
conical  tubes,  or  nozzles,  is 
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a  casing,  whicli  serves  to  connect  the  parts,  and  has  an  outlet  or 
overflow,  l,  to  be  noticed  presently. 

The  operation  of  this  instrument  is  asfollqws :  By  almost  closing 
the  annular  opening  around  the  nozzle  c,  and  opening  the  steam- 
cock  to  the  boiler  so  as  to  allow  a  little  steam  to  pass  out  of  the 
nozzle,  c,  we  produce  a  partial  vacuum  in  ef,  by  which  water  is 
drawn  up  into,  and  delivered  from,  the  nozzle  into  the  space  around 
H,  from  which  it  escapes  by  the  overflow,  L.  More  steam  and  water 
being  let  on,  the  condensed  steam  and  water  uniting  in  the  combin- 
ing tube,  F,  acquire  such  velocity  as  to  enter  hk,  and  opening  the 
valve,  pass  into  the  boiler. 

•  When  the  supply  of  steam  and  water  is  properly  adjusted,  all 
escape  from  the  overflow  will  cease. 

If  the  water  supply  is  in  excess,  some  water  will  escape  by  this 
outlet,  so  indicating  a  waste  of  material  and  force;  while,  if  the  steam 
is  in  excess,  a  partial  vacuum  and  indraft  of  air  will  occur,  thus 
showing  that  the  apparatus  is  not  performing  its  maximum  duty  in 
forcing  water  into  the  boiler. 

The  amount  of  water  which  can  be  driven  into  the  boiler  will 
vary  with  the  pressure,  and,  therefore,  under  changing  conditions 
of  pressure,  frequent  adjustment  will  be  required  to  keep  the  appa- 
ratus in  operation  and  to  obtain  a  maximum  effect.  The  reason  of 
this  variation  in  effectiveness  with  change  of  pressure  will  be  evi- 
dent, if  we  refer  to  our  previous  explanation  on  p.  67.  It  was 
there  shown  that,  in  one  view,  the  efficiency  of  this  instrument 
depended  upon  the  contraction  of  a  large  volume  of  steam  into  a 
small  volume  of  water,  whereby  the  pressure  exerted  upon  a  large 
area  of  exit  was  concentrated  upon  a  smaller  one  of  entrance.  Now 
it  is  clear,  that  the  lower  the  pressure  in  the  boiler  the  greater  will 
be  the  volume  of  the  escaping  steam,  and,  therefore,  the  greater  the 
amount  of  its  concentration  in  condensing.  By  an  increase  of  pres- 
sure, it  is  true,  we  increase  the  velocity  of  the  escaping  steam  ;  but 
we  also,  by  the  same  means,  increase  the  resistance  or  pressure 
opposing  the  entrance  of  the  water  into  the  boiler. 

It  therefore  appears,  that  from  the  theoretical  considerations 
involved  in  the  explanation  given  before,  we  might  anticipate  what 
we  find  in  practice  to  be  the  fact,  namely,  that  the  largest  amount 
of  water,  in  proportion  to  the  steam  escaping,  can  be  injected  with 
the  lower  pressure. 

Of  course,  with  the  greater  pressure,  the  amount  of  steam  passing 
out  is  greatly  increas3d,  and  thus  the  actual  amount  injected  is 
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somewhat  increased,  while  w^hat  we  may  call  the  "duty"  of  the 
steam  employed,  falls  off'.  Thus  a  No.  2  Injector,  with  30  pounds 
of  steam  pressure,  throws  9*7  cubic  feet  water  per  hour,  and  with 
150  pounds,  throws  18'1.  The  amount  of  water  discharged  being 
less  than  double,  while  the  pressure  is  increased  five  times. 

In  locomotive  boilers,  and  others,  having  a  small  water  and  steam 
capacity,  compared  with  their  heating  surface,  the  necessity  for  re- 
adjustment of  the  water  supply  by  the  attendant,  indicated  and  dis- 
cussed above,  becomes  a  serious  inconvenience,  especially  when,  as  in 
the  case  cited,  great  and  frequent  changes  occur  in  the  steam  pressure. 

To  obviate  this  difl&culty,  and  to  render  the  apparatus  self-ad- 
justing, with  reference  to  the  water  supply,  so  that  it  would  always 
be  giving  a  maximum  delivery,  under  changing  conditions  of  pres- 
sure, has  long  been  desired,  and  has  at  last  been  accomplished  in 
the  apparatus  devised  by  Mr.  William  Sellers ;  which  vf e  shall  now 
proceed  to  describe. 

It  was  long  known,  that  when  the  supply  of  water  was  somewhat 
less  than  that  which  the  injector  was  capable  of  throwing  at  the 
time,  a  partial  vacuum  was  formed  in  the  chamber  surrounding  the 
nozzles,  so  that  if  the  hand  were  held  against  the  waste-pipe,  an 
indraft  would  be  sensible.  Here  then,  clearly,  was  a  force  which 
might,  in  some  way,  be  applied  in  regulating  the  water  supply  in  one 
direction,  that  is,  by  increasing  it  when  insufficient.  This  alone, 
however,  would  not  answer;  an  opposite  force  must  also  be  supplied, 
by  which  the  inflow  of  water,  when  too  great,  might  be  checked. 

The  existence  of  an  action  by  which  such  a  force  might  be  deve- 
loped, was  discovered  and  demonstrated  by  Mr.  Sellers,  in  the  fol- 
lowing mannei: : 

An  Injector  was  provided  with  a  pressure-gauge,  in  connection 
with  a  space  around  the  discharging  and  receiving  pipes,  and  with 
a  stop- valve  upon  the  waste-pipe. 

The  instrument  being  so  adjusted  that  its  water  supply  was  in 
excess,  and  a  quantity  of  water,  therefore,  discharging  from  the 
waste-pipe,  the  stop-valve  was  then  partially'-  closed,  until  the  excess 
of  water  collected  in  the  chamber  and  produced  pressure  on  the 
gauge,  when  it  was  found  that  the  Injector  would  continue  to  act, 
and  to  force  water  into  the  boiler  even  when  the  pressure  in  the 
chamber  nearly  equaled  that  of  the  boiler. 

Here,  then,  was  the  force  required,  and  we  will  proceed  to  describe 
the  arrangement  of  apparatus  by  which  it  was  caused  to  develop, 
with  ease  and  certainty,  the  desired  effect. 
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A  glance  at  tlie  accompanying  section  will  sliow  how  vital  an 
alteration  the  instrument  underwent  in  the  new  modification. 

The  outer  shell  or 
case  consists  of  two 
parts,  united  by  bolts, 
EE.  The  part  gg  is 
provided  with  two  in- 
lets, the  one  for  steam, 
the  other  for  water,  as 
shown  in  the  cut,  the 
two  being  separated  by 
the  plate,  ff,  in  the 
centre  of  which  is  at- 
attached  a  nozzle.  A,  for 
the  steam  jet.  The 
amount  of  steam  which 
may  be  discharged  by 
this  nozzle,  is  regu- 
lated by  the  tapered 
plug  which  is  operated 
by  the  screw,  B,  and 
exterior  handle,  H.  The 
interior  of  the  case,  E  E 
is  bored  out  for  a  short 
distance,  and  fitted  with 
a  lining  of  brass,  turn- 
ed out  to  receive  the 
piston,  NN,  which  plays 
freely  along  it.  This 
piston  forms  the  upper 
or  receiving  end  of  the 
converging  pipe,  C,  call- 
ed the  combining  tube 
which  is  connected  at 
its  smaller  end  with 
the  diverging  or  dis- 
charging tube,  D.  This 
tube  is  cylindrical  on 
its  exterior,  and  plays 

freely  in  the  brass  bushing  of  M  ii,  secured  ki  the  casting  or  outer 
shell,  as  shown  in  the  cut. 
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Beyond  this  point  again,  a  small  stop-valve,  pe,  affords,  when 
open,  a  lateral  outlet  to  the  tube,  K ;  and  beyond  this  again,  a  check- 
valve,  is  placed  between  the  instrument  and  the  boiler. 

To  put  this  apparatus  in  operation,  the  stop-valve,  P  R,  is  opened, 
and  the  steam  plug,  B,  is  closed ;  a  little  steam  being  let  in,  will 
escape  through  the  small  hole  in  the  end  of  the  steam  plug,  pro- 
ducing a  vacuum,  when  the  water  is  drawn  up  and  forced  through  c 
and  D  into  the  pipe,  K,  from  which  it  escapes  by  P.  The  plug,  B, 
is  then  drawn  back,  so  increasing  the  supply  of  steam,  until  the 
stop- valve,  P,  can  be  closed,  without  causing  the  injector  to  cease 
working.  This  ceasing  to  work  will  be  indicated  by  an  escape  of 
steam  from  the  water  supply  pipe.  The  action  which  is  taking 
place  in  the  apparatus,  when  thus  in  operation,  may  be  briefly 
described  as  follows: 

The  steam  passing  into  c  is  condensed  by  the  water-  there  com- 
bining with  it  from  the  water  supply  and  the  concentrated  jet,  is  then 
driven  through  the  delivery  tube,  D,  into  the  pipe,  K,  from  which, 
by  raising  the  check-valve  beyond,  it  passes  into  the  boiler. 

If,  now,  the  water  supply  is,  or  becomes,  too  great ;  a  portion  of 
water  escapes  by  the  opening,  o,  in  the  portion  connecting  the  com- 
bining and  delivery  tubes,  and  accumulating  in  the  surrounding 
chamber,  forces  back  the  piston,  nn,  which,  of  course,  carries  with 
it  the  tube,  c,  &c.,  thus  diminishing  the  annular  space  through  which 
the  water  enters  the  combining  tube,  and  so  limiting  its  supply. 
If,  on  the  other  hand,  the  supply  of  water  is  not  sufiicient,  the  ve- 
locity of  the  steam  jet  will  be  increased  and  a  partial  vacuum  will 
be  produced  in  the  chamber,  and  the  piston,  N  N,  will  conse- 
quently be  brought  downward,  thus  opening  the  space  for  water 
supply,  and  correcting  the  defect. 

We  thus  see  that  the  instrument  is  self-regulating,  and  will  adapt 
itself  to  changed  conditions  of  pressure,  so  as  always  to  develop  a 
maximum  result  proportioned  to  the  «[uantity  of  steam  used. 

There  are,  besides  this  general  principle  and  action,  several 
other  points  claiming  notice  in  this  form  of  the  instrument. 

Thus  it  will  be  observed,  that  the  conical  plug,  b,  for  regulating 
the  steam  supply,  has  a  narrow  passage  bored  along  its  axis,  which 
communicates,  by  transverse  openings,  with  the  steam  space 
around  it. 

By  this  means,  when  the  plug,  B]  is  forced  all  the  way  down,  so 
as  to  close  the  outlet  of  a,  a  small  jet  of  steam  will  pass  by  the  open- 
ing in  the  plug,  and  will  exert  a  much  greater  lifting  force  to  raise 
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water  from  the  supply  into  the  combining  tube,  c,  than  will  be  pro- 
duced by  a  jet  of  steam  through  the  annular  space  between  the  plug, 
B,  and  nozzle,  A. 


Fig.  5. 


The  reason  of  this  is,  in  pari,  us  lullows  :  To  produce  this  lifting 
effect,  which  is  quite  dissimilar  from  that  of  the  Injector  in  its  ope- 
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ration  connected  with  the  introduction  of  water  into  the  boiler,  and 
is  more  nearly  allied  to  the  action  of  the  exhaust  in  producing  a 
draft  in  the  smoke-stack  of  a  locomotive ;  the  effect  depends  chiefly 
on  the  free  expansion  and  high  velocity  of  the  steam  jet  at  the 
moment  it  escapes  from  the  nozzle,  A,  (or  the  centre  of  plug,  b,) 
and  upon  the  existence  of  an  outlet  beyond,  c,  not  only  suf&cient 
to  allow  this  expanded  sheaf-jet  to  pass  freely,  but  also  to  give  exit 
to  the  air  carried  with  it  by  friction. 

Now,  in  all  these  respects,  the  annular  jet  between  the  plug,  B, 
and  nozzle,  A,  is  at  great  disadvantage,  as  compared  with  the  orifice 
in  the  centre  of  plug,  B. 

Thus  the  friction  is  immensely  greater  in  the  annular  jet,  thereby 
reducing  the  velocity,  especially  if  this  jet  is  but  slightly  open ; 
while  on  the  other  hand,  if  more  space  is  given  in  the  annular  jet, 
the  amount  of  steam  discharged  will  be  more  than  cat.  pass  freely 
by  the  nozzle,  c,  thus  rather  tending  to  produce  a  back  pressure 
than  a  vacuum  in  c  and  the  water  supply  pipe.  In  fact,  it  is  found 
that  where,  with  the  old  arrangement,  an  injector  is  able  to  raise 
its  feed  (water)  from  2  to  6  feet,  with  this  modification,  it  will  lift 
its  supply  from  10  to  18  feet,  depending  upon  the  size  of  the  instru- 
ment. 

The  exterior  appearance  of  this  instrument  is  shown  in  Fig.  5. 

Having  thus  discussed,  in  a  general  way,  the  structure  of  the 
simple  Injector  itself,  we  will  next  pass  to  a  consideration  of  those 
appliances  which  are  as  essential  to  its  successful  use  and  certainty 
of  operation  as  similar  appliances  are  to  the  efficient  working  of 
any  of  the  old  and  familiar  instruments,  such  as  the  ordinary 
pump. 

This  subject  is  of  special  importance,,  because  it  is  so  apt  to  be 
overlooked  and  neglected,  for  the  reason  that  the  novelty  of  the 
instrument  here  considered,  makes  it  impossible  that  experience 
and  tradition  (as  we  may  call  it)  should  have  thoroughly  informed 
the  mechanical  public  at  large  as  to  all  the  relations  of  this  sub- 
ject, as  they  have  been  informed  with  regard  to  apparatus  longer 
in  use,  because  of  an  earlier  date. 

(To  be  continued.) 
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SUNLIGHT  AND  MOONLIGHT. 

A  Lecture  delivered  at  the  AciuL'iny  of  Music,  before  tiie  Franklin  Institute,  on 
May  23J  iind  June  Gth,  18G8. 

Bt  Prof.  Hknry  Morton,  Ph.D. 

(Continued  from  page  64.) 

Having  discussed  the  characteristics  of  reflected  light,  we  will 
now  pass  to  the  revelations  which  the  light  reflected  by  the  moon 
makes  as  to  the  present  state  and  past  history  of  that  satelite. 

When  the  sun's  rays  fall  vertically  upon  that  portion  of  the  moon 
which  is  exposed  to  our  view,  no  shadows  can  be  projected  by  the 
inequalities  of  surface,  and  all  differences  in  appearance  between 
various  portions  will  depend  upon  specific  differences  in  reflective 
power,  and  upon  the  angle  at  which  the  surfaces  are  presented  to 
the  incident  rays. 

This  is  the  condition  we  find  in  the  full  moon.  Thanks  to  the 
genius  and  also  to  the  kindness  of  Mr.  Lewis  A.  Eutherfurd,  I  am 
able  to  bring  before  you  the  very  image  of  the  moon,  not  only  with 
the  seeming  brightness  of  nature,  but  with  such  enlargement  of 
apparent  size,  that  each  one  in  the  house  will  be  able  to  perceive 
every  detail  as  though  looking  through  a  telescope  of  great  power. 
With  reference  to  the  production  of  these  moon  photographs,  I 
shall  have  more  to  say  presently,  but  first  we  will  consider  what 
they  are  and  what  they  teach  us.  We  will  begin  with  the  full 
moon,  because  that  gives  us  a  genej-al  view,  and  is  most  quickly 
disposed  of,  all  detail  being  deficient  from  the  absence  of  shadows, 
as  explained  above. 

[A  vast  full  moon,  thirty-five  feet  in  diameter,  here  seemed  to 
glide  in  upon  the  stage,  being  projected  upon  the  screen  with  such 
success,  that  notwith-standing  its  great  size,  it  had  a  silvery  or  snowy 
brightness  such  as  distinguishes  the  actual  luminary.  The  glass 
picture  employed  was  made  by  Mr.  0.  H.  Willard,  from  one  of  Mr, 
Eutherfurd's  negatives.] 

The  circumstance  which  I  presume  first  of  all  strikes  those  imac- 
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customed  to  a  telescopic  study  of  the  moon,  is  tlie  entire  unlikeness 
of  this  image,'to  the  moon  as  seen  with  the  naked  eye.  All-resem- 
blance to  a  human  face  has  vanished,  and  in  its  stead  we  have  a 
marked  similarity  to  an  orange,  denuded  of  its  rind. 

This  change  of  aspect  is  not  peculiar  to  the  photograph,  but 
appears  equally  to  the  eye  when  its  visual  power  is  increased  by 
the  aid  of  the  lenses  in  a  telescope.  In  either  case,  the  cause  is  the 
same,  i.  e.,  marked  details  not  before  visible,  attract  the  attention 
and  obliterate  the  general  impression  which  alone  was  realized 
before.  Thus  the  strong  luminous  rays,  which  you  perceive  radi- 
ating from  various  points,  are  imperceptible  to  the  unaided  eye,  while 
in  the  telescope  they  are  the  most  characteristic  features  exhibited. 

The  cause  of  these  luminous  rays  is  by  no  means  certainly  deter- 
mined otherwise,  than  that  they  result  from  a  greater  reflecting 
power  in  the  lunar  soil  where  they  are  traced;  but  how  this  more 
highly  reflecting  material  came  to  be  thus  placed  and  distributed 
we  can  only  conjecture.  Certain  significant  facts  may,  however,  well 
receive  our  notice. 

All  these  rays  or  systems  of  luminous  lines  diverge  from  great 
volcanic  centres.  Thus  the  principal  group  has  at  its  centre  the 
volcano  Tycho,  whose  interior  basin  or  crater  is  fifty-four  miles  in 
diameter,  with  precipitous  walls  of  17,000  feet  in  height,  and  a 
central  cone  whose  summit  rises  abruptly  4,000  feet  above  the 
interior  plain. 

The  centres  of  the  other  marked  systems  are  Copernicus,  Kepler, 
Aristarchus,  Anaxagoras,  Petavius  and  Proclus, 

In  the  next  place,  we  find  that  one  series  of  rays  overruns  and 
obliterates  parts  of  another.  Thus  rays  from  Tycho  obliterate 
those  from  Copernicus,  never  the  reverse.  Eays  from  Aristarchus 
obliterate  those  from  Copernicus,  while  rays  from  Copernicus  never 
obliterate  those  from  Aristarchus. 

Whatever,  then,  be  the  cause  of  their  formation,  they  are  at  least 
intimately  connected  with  these  central  mountains,  and  have  been 
developed  in  such  an  order  of  sequence  as  the  above  statement  indi- 
cates, Tycho  being  the  last  born  of  these  volcanic  giants. 

Another  and  most  perplexing  feature  of  these  luminous  mark- 
ings is,  that  they  are  neither  ridges  nor  valleys,  but  coincide  with 
the  surrounding  levels  so  as  to  produce  no  shadow  at  any  time 
during  the  progress  of  the  sunlight  over  the  surface  of  the  lunar 
globe. 


Sunlight  and  Moonlight.  133 

Were  the  luminous  "bands  hollow,  we  would  saj  tliey  were  clefts 
produced  by  the  volcanic  action  recorded  so  clearly  at  their  respec- 
tive centres,  filled  partly  with  white  or  polished  lava.  Were  they 
ridges  we  would  suppose  them  to  be  the  result  of  cracks  through 
which  quantities  of  fluid  rock  had  been  forced  up  from  below.  But 
that  the  fresh  material  should  have  followed  so  closely  the  contour 
of  the  surrounding  parts,  requires  other  and  more  elaborate  hypo- 
theses to  complete  an  explanation. 

We  may,  however,  well  rest  assured  that  these  markings  are  the 
result  of  violent  convulsions,  having  these  various  craters  as  their 
centres,  by  which  the  lunar  crust  was  split  open,  and  the  interior, 
still  fluid  lava,  extruded.  Subsequent  craters  were  formed  in  and 
encroached  upon  these  markings,  so  giving  them  a  broken  and 
irregular  appearance,  but  yet  leaving  their  general  shape  and  direc- 
tion perfectly  manifest. 

It  is  only,  however,  at  or  near  full  moon  that  these  markings 
show  themselves  in  the  power  and  distinctness  of  the  picture  which 
you  now  see  upon  the  screen ;  at  other  times,  only  a  few  of  them 
are  strongly  delineated,  many  arc  almost  obliterated,  and  some 
quite  disappear.  The  reason  of  this  is  obvious.  These  markings 
depend  for  visibility  simply  upon  an  unequal  reflecting  power  on 
the  surface.  Now  it  is  quite  possible,  from  analogy  with  known 
substances  within  our  reach,  that  this  diiference  diminishes  with  an 
increase  in  the  obliquity  of  the  incident  light.  Thus  with  glass  and 
black  marble  polished,  the  proportion  of  light  reflected  by  the  two 
substances  at  an  angle  of  30°,  is  11 : 5,  at  15°  30 :  15,  and  at  5°  the 
proportion  has  reversed  itself,  being  5i :  60,  that  is,  the  marble  here 
reflects  most.*  This  example  shows  the  possibility  of  what  we  sug- 
gest. Different  bodies  act  in  various  and  arbitrary  ways  in  this 
respect,  and  as  we  do  not  know  what  is  the  nature  of  the  lunar  sur- 
face, we  can  only  offer  this  as  a  conjecture.  A  more  important 
cause  of  obliteration  is  however  found  in  the  strongly  contrasted 
lights  and  shadows  which  cover  the  visible  portion  of  the  moon  in 
her  other  phases,  which  would  tend  to  mask  and  render  impercep- 
tible such  slight  differences  of  tint  as  these  which  we  have  been 
describing.f 

*  Daguin  T.  IV.  p.  45. 

t  "We  have  made  no  attompt  to  reproduce  the  photographic  picture  of  the  full 
moon,  because,  while  such  an  engraving  would  he  expensive  and  troublesome,  it 
would  be  at  best  unsatisfactory  and  uninteresting,  and  if  not  executed  with  the 
greatest  skill,  a  pictorial  failure  also,  as  is  indeed  the  case  with  all  the  reprcbcnta- 
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The  phenomena  of  luminous  streaks  having  been  thus  considered, 
we  will  call  for  another  phase,  which  will  serve  us  better  in  our  con- 
tinued investigation  and  study  of  other  features. 

[At  a  signal  from  the  lecturer,  the  picture  of  a  full  moon  was 
replaced  bj  another,  showing  the  appearance  at  a  certain  point  of 
the  third  quarter.  (See  Plate  II.)  This  was  from  a  photograph 
made  by  Mr.  Rutherfurd,  on  the  6th  of  March,  1865.  The  glass 
picture  employed  was  prepared  by  Mr.  0.  G.  Mason.] 

In  the  first  place,  you  will,  no  doubt,  remark  that  this  looks  as 
little  like  the  familiar  moon,  with  its  ugly  human  face,  as  did  the 
orange-like  full  mo9n  which  it  has  replaced.  We  shall,  however, 
be  able  to  trace  the  most  important  features  of  our  amiable  satel- 
ite  in  this  likeness  with  no  more  effort,  perhaps,  than  is  required 
for  the  recognition  of  a  familiar  face,  in  the  first  essay  of  many  an 
amateur  photographer.* 

Thus  we  find  the  right  eye  of  the  moon's  face  in  the  partly 
shown  circle  of  the  Mare  Imbrium,  the  left  eye  in  Mare  Sereuitatis 
and  Mare  Tranquilitatis,  the  mouth  in  the  southern  portion  of  the 


tions  which  have  been  yet  published,  which  look  as  little  like  the  moon  as  an 
irregularly  shaded  circle  well  can. 

We  have  therefore  preferred  to  expend  our  time  and  the  means  at  our  disposal 
upon  reproductions  of  the  other  phases,  which  offer  a  better  opportunity  to  the 
artist,  and  are  moreover  of  infinitely  greater  use  to  the  student,  because  showing 
those  details  of  structure  and  topography  which  are  wanting  in  the  full  phase. 

Plate  II.  which  accompanies  this  number  of  our  Journal,  is  a  carefully  reduced 
copy  of  the  photographic  print  made  by  O.  G.  Mason,  of  New  York,  from  a  nega- 
tive taken  by  Rutherfurd,  on  the  6th  of  March,  1865. 

Some  of  the  details  at  a  distance  from  the  terminator  (dividing  edge  of  illumi- 
nation and  shadow),  are  more  fully  defined  than  they  could  be  in  the  phase  here 
shown,  by  reference  to  another  print  of  an  earlier  phase,  prepared  also  by  Mr. 
Mason,  from  a  negative  bearing  date  March  4th,  1865,  and  like  the  former  and 
others  to  be  described  in  future,  kindly  presented  to  us  by  Mr.  Rutherfurd. 

In  the  accompanying  plate  II.,  will  be  seen  some  few  of  these  luminous  rays, 
the  most  marked  proceeding  from  Tycho  near  the  South  Pole,  another  set  from 
Petavius  (60)  near  the  south-west  border,  and  another  from  Proclus  (near  78),  on 
the  eastern  border  of  the  Mare  Crisium.  As  we  have  already  stated,  these  mark- 
ings would  be  vastly  more  numerous  and  distinct  in  a  view  of  the  full  moon,  but 
this  will  serve  to  indicate  their  character. 

*  In  comparing  what  immediately  follows  with  the  plate,  it  must  be  remembered 
that  for  convenience  of  reference,  this  is  lettered  in  the  position  in  which  it  is 
seen  in  the  telescope  (i.  e.)  inverted  from  its  natural  attitude.  To  compare  this 
plate,  therefore,  with  the  moon,  as  seen  by  the  naked  eye,  we  must  turn  the  plate 
so  that  the  lettering  will  be  upside  down. 
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Mare  Nubeura,  the  very  irregular  profile  of  the  nose  in  the  plains 
which  stretch  north  and  south  along  the  terminator,  and  the  marked 
dimple  in  the  chin  appears  as  no  less  than  that  grand  volcanic 
centre,  Tycho. 

Having  then  assured  ourselves  of  the  truthfulness  of  the  picture, 
let  us  next  consider  those  details  Avhich  have  nothing  to  do  with 
this  likeness  to  the  familiar  moon,  since  they  are  only  visible  in  the 
telescope  or  the  photograph. 

These  darker  regions  of  a  circular  form  are  still  called  and  were 
once  believed  to  be  seas,  but  we  now  know  them  to  be  simply  arid 
wastes,  owing  their  deeper  tint  to  a  darker  color,  or  the  less  reflective 
character  of  their  soil.  Their  universally  circular  form  leads  us  to 
believe  that  they  are  only  enormous  craters  of  ancient  volcanoes,  on 
the  wall  and  over  the  area  of  which,  lesser  and  subsequent  eruptions 
have  formed  smaller  cones  and  rings. 

Such  a  condition  of  things  we  find,  in  fact,  repeated  in  most  of  the 
smaller  volcanoes,  whose  ramparts  and  plateaus  are  dotted  with 
smaller  cones.  [It  is  impossible,  however,  to  represent  these  cor- 
rectly on  so  small  a  scale  as  in  Plate  II.  The  names  of  these  various 
so-called  oceans,  and  the  ranges  which  border  them,  will  be  found 
on  the  plate,  and  also  on  the  page  facing  it,  as  also  the  names  cor- 
responding to  the  numbers  by  which  the  individual  peaks  and 
smaller  objects  are  indicated.] 

This  circular  form  of  all  mountain  ranges,  is  one  of  the  many 
characteristics  by  which  the  lunar  topography  departs  from  all 
terrestrial  analogies.  The  characteristic  of  our  mountain  ranges  is 
their  general  rectilinear  direction  and  frequent  parallel  arrange- 
ment ;  but  in  the  moon  no  instance  of  such  a  formation  is  to  be 
found. 

Another  point  which  impresses  itself  strongly,  is  the  absolute 
blackness  of  all  shadows.  We  do  not  here  refer  to  shades,  such  as 
are  due  to  diflerences  of  surface  and  are  found  with  every  variety 
of  gradation,  but  to  the  veritable  shadows  cast  by  ranges,  rings  and 
cones,  and  which  are  absolutely  black  and  without  detail. 

Tlic  origin  of  this  is  to  be  found  in  two  conditions,  the  absence 
of  an  atmosphere,  by  reason  of  which  there  is  no  diffused  light  re- 
flected from  the  sky,  by  which,  in  our  own  case,  terrestrial  shadows 
are  illuminated  ;  and  the  vast  distances  of  objects  from  one  another, 
by  reason  of  which  the  light  which  one  reflects  is  scattered  and  lost 
before  it  can  reach  the  other. 

(To  be  continued.) 
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LECTURES  ON  VENTILATION. 


By  Lewis  "\V.  Lkeds. 

Second  Course,  delivered  before  the  Franklin  Institute,  during  the 
winter  of  1807-08. 


LECTURE  I. 

Periiaps  no  subject  relating  to  the  health  of  the  human  system 
ever  gained  favor  more  rapidly,  (without  advertising,)  than  has  the 
subject  of  ventilation  within  the  last  year  or  two,  and  I  think  we 
may  refer  to  the  report  of  the  Board  of  Health,  for  the  year  18G7, 
as  a  substantial  and  most  gratifying  proof  of  this  assertion. 

In  the  year  1865,  there  were  17,169  deaths  in  this  city;  in  1866, 
there  were  16,803,  and  in  the  year  1867,  there  were  only  13,903, 
or  a  saving  of  2,870  lives  in  the  last  year,  and  3,237  in  the  two  years, 
and  this,  too,  notwithstanding  an  increase  of  population  probably 
equal  to  20,000  per  annum. 

The  saving  to  the  citizens  of  Philadelphia  by  the  diminished 
mortality,  and  the  sickness  represented  thereby,  could  be  scarcely 
less  than  three-quarters  of  a  million  a  year ;  or  sufiicient  to  pay  the 
entire  expense  of  our  excellent  system  of  public  schools. 

Could  this  decrease  in  the  rate  of  mortality  be  continued  we  would 
soon  be  a  very  healthy  people;  perhaps  this  is  almost  too  mucli  to 
hope  for. 

I  do  believe,  however,  that  this  rate  of  decrease  in  the  mortality 
may  be  continued  through  the  year  1868,  and  with  a  cash  outlay, 
if  judiciously  expended,  no  greater  than  will  be  returned  to  us  penny 
for  penny  and  dollar  for  dollar  within  twelve  months  thereafter. 

No  healthy  condition  of  the  human  frame  can  be  maintained 
without  we  breathe  pure  air,  and  although  there  has  been  a  wonder- 
ful improvement  in  this  respect  within  the  last  few  years,  yet  we 
-till  do  not  breathe  pure  air  one-half  our  time. 

Our  arrangements  for  the  artificial  ventilation  of  our  houses  in 
winter  and  at  night,  are  still  exceedingly  imperfect. 

The  great  majority  of  our  citizens  scarcely  realize  the  true  value 
of  pure  air,  or  hardly  know  how  to  obtain  it  economically  at  all 
times.     We  need  more  public  education  on  this  subject. 

There  has  long  dwelt  in  the  minds  of  many  persons  a  kind  of 
Vol.  LVI.— Third  Series.— No.  2.— Axjoust,  18G8.  18 
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vague  idea  that  veEtilation  was  a  good  thing  in  its  way;  but  with 
nine-tenths  of  the  whole  people,  the  chief  concern  has  been  to  obstruct 
all  circulation  of  air,  to  stop  all  draughts,  and  thus  practically  to 
prevent  any  ventilation,  especially  in  winter. 

In  the  good  old  days  of  open  wood  fires,  when,  as  in  our  child- 
hood, the  real  chimney-corner  was  the  family  sitting-room,  so  to 
speak,  or  at  least,  for  the  children,  then,  with  all  the  listing  of  doors, 
caulking  of  windows,  and  filling  up  of  key-holes,  there  was  certain 
to  be  still  an  abundance  of  fresh  air,  that  would  force  its  way  into 
the  room  in  spite  of  all  efforts  to  keep  it  out.  But  with  the  intro- 
duction of  anthracite  coal  and  air-tight  stoves,  and  still  worse,  steam- 
pipes,  placed  in  the  room  for  heating  by  direct  radiation,  the  stop- 
ing  of  all  draughts  that  were  before  so  annoying,  became  a  matter 
of  easy  accomplishment. 

The  results  thereof  have  been  perfectly  frightful,  persons  have 
thus  unconsciously  been  smothered  to  death  by  the  thousands  and 
tens  of  thousands. 

It  seemed  almost  impossible  to  arouse  the  public  from  the  quiet, 
satisfied  stupor  that  followed  their  great  victory  over  their  old 
enemy — the  whistling  winter  wind. 

Those  that  have  not  gone  to  their  long  homes  during  this  dark 
winter-night  of  stupor  and  ignorance,  may  well  rub  their  eyes  in 
astonishment,  as  they  awake  to  a  consciousness  of  the  dangers  they 
have  so  marvelously  escaped. 

The  poor  man,  too,  as  well  as  the  rich,  should  feel  that  he  has  no 
truer  or  more  valuable  friend  on  earth  than  fresh  air.  His  food, 
though  coarse  and  simple,  will  digest  more  fully  and  quickly  with 
an  abundance  of  pure  air.  His  head  is  clearer,  his  chest  expands 
and  his  muscles  grow  stronger,  as  his  heart  grows  lighter,  and  he 
goes  cheerily  on  day  after  day  with  his  laborious  toil,  returning  at 
night  to  his  home  and  fireside,  surrounded  by  his  wife  and  little 
ones,  a  happy  man,  made  so  by  the  consciousness  of  having  been 
able  to  do  and  having  done  a  good  day's  work.  He  enjoys  a  night 
of  sound  sleep,  when  sleeping  with  open  windows,  and  wakes  re- 
freshed in  the  morning,  ready  again  to  commence  the  toils  of  another 
day. 

The  Doctor's  explanation  of  the  physiological  effect  of  breathing 
air,  whether  pure  or  impure,  is  very  interesting. 

We  cannot,  of  course,  expect  to  go  into  a  regular  medical  or  j^hysi- 
ological  lecture  at  this  time,  but  we  must  just  examine  some  of  the 
main  points  so  as  to  get  a  general  idea  of  the  effect  produced  by  air 
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of  different  qualities,  and  if  possible,  to  form  some  conception  of 
the  manner  of  its  action.    I  have  here  a  little  arrangement  by  which 
I  wish  to  represent  the  action  of  the  lungs.'*     It  is  simply  a  glass  bell 
jar  with  a  piece  of  rubber  stretched  over  the  bottom, 
which  is  intended  to  represent  the  human  diaphragm.  Fig.  l. 

From  the  mouth  of  the  figure-head  there  is  a  small  ^% 

tube  extending  downwards,  and  this  represents  the  jHT 

wind-pipe,  at  the  end  of  this  is  another  piece  of  rub-  uIS^ 
ber,  which  we  will  suppose  to  represent  the  lungs-  \''-.v^''/ 
Now,  as  I  draw  down  the  diaphragm,  the  space  in  the       j  I 

jar  is  enlarged,  and  a  partial  vacuum  is  created,  and  ^'^^^l^ 
the  air  rushes  down  the  wind-pipe  to  fill  the  space. 
It  is  prevented,  however,  from  getting  directly  into  the  body  by 
the  lungs,  which  being  elastic,  or  rather  all  folded  up  in  innumerable 
little  folds,  expands  and  contracts  with  great  ease.  The  power, 
therefore,  does  not  lie  in  the  lungs  so  much  as  in  the  diaphragm 
and  ribs,  the  air  is  forced  out  and  in  the  lungs,  similar  to  the  manner 
in  which  it  is  forced  out  and  in  a  pair  of  bellows. 

The  lungs  are  composed  of  an  immense  number  of  air-passages, 
with  innumerable  branches,  we  might  say,  perhaps,  like  the  branches 
of  an  apple  tree,  and  at  the  extreme  ends  of  these  branches  are  air- 
cells  instead  of  apples,  the  number  of  these  little  cells  is  estimated 
by  some  to  amount  to  six  hundred  millions. 

The  aggregate  surface  of  all  these  air  cells  is  variously  stated  by 
different  physiologists  from  600  to  1 500  square  feet.  So,  if  this  room 
was  30  X40  feet,  the  surface  of  the  lungs  of  a  single  person  would, 
if  spread  out,  be  sufficient  to  carpet  the  whole  room. 

These  air-cells  are  perfectly  surrounded  by  a  complete  net  work 
of  minute  blood  vessels,  through  which  flows  the  dark,  impure 
blood  that  has  just  returned  from  the  most  extreme  points  of  the 
body,  bringing  with  it,  dead,  diseased,  old,  worn  out  particles  of 
the  body,  and  the  carbonic  acid,  or  what  we  might  call  the  ashes 
resulting  from  the  combustion  of  the  oxygen,  which  is  constantly 
required  to  keep  up  the  heat  of  the  body. 

Now,  it  is  when  this  impure  blood  on  one  side  meets  thep'in^nir 
on  the  other,  that  the  most  wonderful  change  takes  place. 

This  membrane  of  these  air-cells  of  the  lungs  is  so  exceedingly 
delicate,  that  there  is  a  chemical  transformation  or  exchange  takes 
place  at  once. 

The  carbonic  acid,  and  other  impurities  from  the  blood,  pass 

*  Griscom's  "use  and  abuse  of  air." 


1-10  Educational. 

tlirougli  this  fine  membrane  of  the  lungs,  and  are  absorbed  by  the 
air,  while  the  oxygen  of  the  newly  breathed  air  passes  through  the 
lungs  into  the  blood,  which  is  thus  changed  from  a  dark  color 
to  a  bright,  light  colored  red,  and  oxygen  is  thus  carried  to  the 
hundreds  of  little  capillaries  in  the  most  remote  parts  of  the  body 
to  the  skin,  and  to  the  bones,  to  the  brain  and  to  the  stomach,  and 
there  burned  to  keep  up  the  heat  of  the  system,  and  to  cook  the 
food  we  have  eaten,  (if  the  Doctors  will  allow  me  to  express  in  that 
homely  manner,  the  beautiful  and  very  elaborate  process  in  which 
the  fresh  air  we  breathe  acts  in  digesting  and  utilizing  our  food.) 

But  suppose,  instpad  of  the  air  thus  introduced  into  the  lungs 
being  pure,  it  is  impure,  or  already  loaded  or  charged  with  carbonic 
acid  by  previous  breathing,  then  it  cannot  take  up  the  impurities  of 
the  blood,  and  instead  of  its  being  changed  by  the  absorption  of 
oxygen  to  a  beautiful  bright  red,  it  remains  of  a  dark,  dull  color, 
consequently  these  impurities  have  to  be  carried  back  to  all  parts 
of  the  system,  instead  of  the  much  needed  oxygen;  disarrangement 
of  the  whole  system  soon  follows  to  a  greater  or  less  extent,  accord- 
ing to  the  proportion  of  the  impurities  in  that  air. 

The  little  air-cells  of  the  lungs  also  become  choked  up  with  this 
refuse  material,  which  causes  what  is  familiarly  called  consumption. 
You  all  know  if  you  alloAV  the  ashes  to  accumulate  so  as  to  fill 
the  entire  space  underneath  the  grate,  that  the  grate  will  soon  be 
burned  out.  In  a  manner  very  similar  to  this  will  that  exquisitely 
thin,  delicate  membrane  of  your  lungs  be  destroyed,  if  you  neglect 
to  breathe  sufficient  pure  air  to  carry  away  all  the  ashes  from  the 
immense  number  of  fires  constantly  burning  in  your  body. 

The  frequency  of  these  interchanges  between  the  air  and  the  blood, 
the  very  large  aggregate  amount  of  each  that  daily  passes  through 
the  lungs,  ought  to  impress  us  with  the  great  importance  of  a  careful 
attention  to  maintaining  the  best  conditions  for  perfect  health. 

But,  in  too  many  cases,  our  estimate  of  the  value  of  things  is 
based  upon  the  dollars  and  cents  it  costs  us,  and  as  no  patented 
monopoly  has  ever  been  able  to  control  the  supply  of  pure  air,  so  as 
to  dole  it  out  to  us  by  the  dollar  and  cent's  worth,  but  it  is  kept 
constantly  poured  around  and  over  our  houses  in  the  most  lavish 
profusion,  yet  we  have  in  many  cases  treated  this  wonderful  bounty 
of  the  Creator  with  shameful  neglect. 

I  have  prepared  a  diagram  by  which  I  hope  to  impress  upon  your 
minds  the  amount  of  air  breathed  by  each  individual  in  twenty-four 
hours.     It  is  18  X  20  feet,  and  intended  to  represent  one  foot  tlyck ; 
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tliis  gives  360  cubic  feet  of  air,  or  125  times  the  whole  bulk  of  a 
man. 

This,  of  course,  is  given  merely  as  an  average.     The  amount 
breathed  varies  very  greatly  Y\g.  2. 

frommany  causes,— some  per.        123450739 10 11121311151617 is  19 20 

sons    may   breathe   at    times      2  •=»»'* — » 

nearly  double  this  amount,  and      ^ 
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breath,  on   the  contrary,  the         --.«■*»« 

lungs  contain  150  to  200  cubic  inches  of  air,  so  that  about  one- 
eighth  only  of  the  contents  of  the  lungs  is  changed  at  each  breath.  I 
believe  Physicians  have  scarcely  determined  positively  how  this 
air  remaining  in  the  lungs  is  quickly  and  constantly  purified. 

The  diffusion  of  gases,  which  I  hope  to  explain  in  our  next 
lecture,  has  much  influence,  no  doubt,  in  removing  the  excess  of 
carbonic  acid  from  the  remaining  air,  and  saturating  the  freshly 
entering  air  before  it  is  inhaled. 

Some  physiologists  explain,  that  the  carbonic  acid,  and  other 
impurities,  are  expelled  from  the  minute  cells  by  the  muscular 
contraction  of  the  circular  organic  fibres,  and  are  thus  delivered 
into  the  larger  branches  in  which  diff"usion  at  once  takes  place  with 
the  air  just  introduced. 

I  wish  to  show  you  here  what  proportion  of  the  air  breathed 
daily  is  oxygen,  as  that  is  the  very  important  element  in  the  air. 
It  occupies  in  bulk  about  twenty-one  parts  in  the  hundred,  or  a 
little  more  than  one-fifth  of  the  whole.  The  other  four-fifths  being 
mostly  nitrogen.  The  use  of  this  latter  gas,  the  nitrogen,  has  scarcely 
been  determined,  it  is  thought  by  many  to  be  merely  a  dilutent  of 
the  oxygen  to  keep  it  under  control,  so  that  it  shall  not  take  fire 
spontaneously,  and  burn  everything  up. 

So  much  for  the  air  we  breathe  ;  the  blood,  of  course,  continues 
the  connection  from  the  lungs  to  all  parts  of  the  body ;  and  let  us 
examine  that  for  a  few  moments. 

(To  bo  continued.) 
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Proceedings  of  the  Stated  MontUy  Meeting,  June  17tli,  1868. 

The  meeting  was  called  to  order  with  the  President,  Mr.  J.  V. 
Merrick,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  that  a^  their  stated  meeting,  June,  10th  inst.,  donations 
to  the  library  were  received  from  the  Royal  Astronomical  Society, 
the  Royal  Society,  the  Institute  of  Actuaries,  the  Statistical  Society, 
and  the  Society  of  Arts,  London ;  and  the  Association  for  the  Pre- 
vention of  Steam  Boiler  Explosions,  Manchester,  England ;  la  Society 
Industrielle,  Mulhouse,  France;  the  Canadian  Institute,  Toronto, 
and  Major  L.  A.  Huguet  Latour,  Montreal,  Canada;  his  Excellency, 
Rawson  W.  Rawson,  Governor  of  the  Bahamas,  through  John  H. 
Redfield,  Esq.,  Philadelphia;  Frederick  Emmerick,  Esq.,  Washing- 
ton, D.  C,  and  Hon.  Wm.  J.  McAlpine,  Stockbridge,  Mass. 

The  various  standing  committees  reported  their  minutes. 

The  report  of  the  Resident  Secretary  on  Novelties  in  Science  and 
the  Mechanic  Arts  was  read,  in  the  course  of  which  a  description 
was  given  of  a  new  form  of  safety  hoisting  apparatus,  invented  by 
Messrs.  Merrick  Bros.  A  description  and  drawing  of  this  will  be 
found  in  our  editorial  department. 

Mr.  William  Sellers,  Chairman  of  the  Committee  appointed  to 
report  on  the  expediency  of  an  Exhibition  of  National  Industry 
by  the  Franklin  Institute,  stated,  that  in  answer  to  an  inquiry  ad- 
dressed to  the  Board  of  Managers  by  members  of  the  Institute  as 
to  the  reasons  for  deferring  such  an  exhibition  until  after  the  fall 
of  1868,  he  had  been  authorized  to  explain,  that  the  reason  of  this 
postponement  was  the  conviction  that  the  serious  financial  outlay 
which  must  be  made  by  the  Institute,  in  erecting  a  suitable  build- 
ing for  the  purpose  of  an  exhibition  (no  existing  edifice  in  the  city 
being  fit  for  the  purpose),  was  not  likely  to  be  reimbursed  by  the 
receipts  of  an  exhibition  amid  the  excitements  of  the  coming  Pre- } 
sidential  election. 

The  meeting  was  then,  on  motion,  adjourned  until  the  third  Wed- 
nesday in  September. 
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The  Lathe  and  its  uses ;  or  instruction  in  the  art  of  turning  wood  and 
metal;  including  a  description  of  the  most  modern  appliances  for 
the  ornamentation  of  plane  and  curved  surfaces;  with  an  appen- 
dix, in  which  is  described  an  entirely  novel  form  of  lathe  for  eccen- 
tric and  rose  engine  turning;  a  lathe  and  planing  machine  com- 
bined; and  other  valuable  matters  relating  to  the  art.  Copiously 
illustrated.  Published  by  John  Wiley  &  Son :  New  York.  For 
sale  by  J.  B.  Lippincott,  Philadelphia. 

A  useful  book,  full  of  valuable  information,  very  clearly  expressed. 
We  have  examined  it  with  care,  and  heartily  recommend  it  to  the 
professional  mechanic  as  well  as  to  the  amateur.  To  the  latter  it  is 
invaluable,  but  we  are  sorry  to  say,  it  has  two  grave  faults.  In  the 
first  place,  while  many  of  the  wood  cuts  (of  which  there  are  about 
500),  are  excellent,  some  are  so  poorly  executed  as  to  be  but  mere 
sketches  of  the  devices  described. 

Then  there  is  no  index,  in  other  words,  what  is  pre-eminently 
fitted  to  be  a  work  of  reference,  fails  entirely  to  fulfil  its  proper 
mission,  for  lack  of  this  simple  but  essential  ingredient. 

On  one  page,  in  reading  the  volume,  we  found  the  description  of 
a  method  for  soldering  work  to  a  face  plate  or  chuck,  by  using  sal 
ammoniac  in  solution,  and  tin  foil,  as  the  flux  and  solder.  This  is 
described  as  a  useful  "dodge."  We  naturally  wondered  if  the 
writer  was  familiar  with  the  much  more  efficacious  soldering  liquid 
chloride  of  zinc,  and  if  he  described  how  to  prepare  and  use  it. 
This  led  us  to  look  for  an  index,  but  none  was  to  be  found,  and 
then,  loosing  the  page  upon  which  the  original  useful  dodge  was 
given,  we  can  only  hope  to  find  it  again  by  a  careful  re-perusal  of 
the  book.  We  cannot  too  severely  censure  this  carelessness,  in 
issuing  a  good  book  (which  is  essentially  a  book  of  reference,) 
without  a  key  to  its  contents.  It  is  an  imposition  upon  the  public, 
and  a  serious  injury  to  the  actual  value  of  the  work. 


We  have  ready,  notices  of  the  following  new  publications,  which 
have  been  crowded  out  of  this  number : 

Metallurgy  of  Iron.  By  Bauerman.  Gas  Worhs  of  London.  By 
Colburn.  Lessons  in  Elementary  Chemistry.  By  lloscoe.  The 
Institutes  of  Medicine.  By  Paine.  Instruction  in  the  Practical  Use 
of  the  Blowpipe.  By  Plympton.  Mechanic' s  Tool  Book.  By  Harrison. 


14-i  Meteorology  of  Philadelphia. 

A  Comparison  of  some  of  the  Meteorological  Phenomena  0/ June,  1868,  with  those 
of  June,  1867,  and  of  the  same  month  for  seventeen  years,  at  Philadelphia,  Pa. 
Earometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude  39°  57J' 
N.;  Longitude  75°  Wy  "VV.  from  Greenwich.  By  Prof.  J.  A.  Kirkpatrick, 
of  the  Central  High  School. 


June, 

June, 

June, 

1868. 

1867. 

for  17  years. 

Thermometer — Highest — degree 

90-00° 

88-00° 

98-00° 

"          date 

20th. 

15th  &  16th. 

29th,  '56. 

Warmest  day — mean  . . 

83-83 

80-33 

90-50 

«'            "      date 

20th. 

30tb. 

30th,  '56. 

Lowest — degree 

61-00 

48-00 

42  00 

««         date 

3d. 

9th  &  nth. 

5th,  '59. 

Coldest  day — mean 

56.60 

53-50 

63-50 

"     *  "       date 

nth. 

9th. 

9th,  '67. 

Mean  daily  oscillation ... 

15-97 

17-07 

16-13 

"        "    range 

4-10 

4-39 

4-76 

Means  at  7  a.  m 

67-12 
77-85 
70-85 
71-94 

67-60 
77-17 
69-67 
71-48      • 

68-71 
78-73 
71-27 
72-90 

"            2  p.  M 

<<            9  p.  M 

*«      for  the  month.... 

Barometer — Highest — inches 

30292 

30-309 

30-309 

"        date..... 

4th. 
30-274 

nth. 

30-270 

11th,  '67. 
3U.274 

Greatest  mean  daily  pressure 

"        "        date... 

4th. 

11th. 

4th,  '08. 

Lowest — inches 

29029 
20th. 

29-474 
3d. 

29-182 
nth,  '57. 

*«        date 

Least  mean  daily  pressure... 

29-643 

29-586 

29-262 

"        "        "        date... 

20th. 

3d. 

nth,  '57. 

Mean  daily  range 

0-119 

0105 

0101 

Means  at  7  a.  m 

30-000 
29-970 
29-978 
29-983 
0-815 

30-006 
29-986 
29-994 
29-995 
0-798 

29-830 
29-797 
29-812 
29813 
1-059 

"        2  p.  M 

«'        9  p.  M 

««   for  the  month 

Force  of  Vapor — Greatest — inches 

"         date  

20th. 
•255 
4th. 
•501 
•bAO 
•551 
•531 

17th. 
•183 

10th. 
•524 
•521 
•540 
•528 

30th,  '55. 
0-162 

5th,  '59 
•515 
•537 
•551 
•534 

Least — inches 

'«     date 

Means  at  7  a.  m 

"         2  p.  M 

•'         9  p.  M 

"    for  the  month... 

Relative  Humidity — Greatest — per  cent 
"         date 

94-0 

96-0 

100  0 

12th.  • 

25th. 

6th,  '56. 

Least — per  cent. ... 

350 

28-0 

22-0 

"    date 

30th. 

10th. 

16th,  '63. 

Means  at  7  a.  M.... 

74-3 

75-8 

72-5 

'*        2  p.m.... 

56-7 

56-3 

64-3 

"        9  p.m.... 

72-2 

72-7 

70-7 

"for  the  month 

67-7 

68-3 

65-8 

Clouds — Number  of  clear  days* 

7- 
23- 

8- 
22^ 

8-2 
21-8 

•«              cloudy  days 

Means  of  sky  covered  at  7  a,  m 

62-0  per  ct 

66-3  per  ct 

69-8perct 

"              "             "         2  p.  M 

60-0 

61-7 

61-2 

"            "            "        9p.m 

51-3 

52-7 

455 

"             "        for  the  month 

59-8 

60-2 

55-5 

Rain — Amount — inches  

3-69 
11. 

10-950 
11- 

4-674 
11-6 

No.  of  days  on  which  rain  fell 

Prevailing  Winds — Times  in  1000 

i 

Nl2°32'w.058 

3  36<'52'w.059 

s73°67'w.  204 

*  Sky  one-third  or  less  covered  at  the  hours  of  observation. 
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ITEMS  AND  NOVELTIES. 

An  Immense  Machine  Tool. — Tn  our  last  number  we  alluded 
to  a  Vertical  Boring  and  Turning  Machine  of  unusual  dimensions, 
wbich  we  had  seen  just  completed  at  the  establishment  of  Messrs. 
Bement  &  Dougherty. 

"Want  of  space  then  prevented  us  from  inserting  a  description 
of  this  remarkable  piece  of  machinery,  which  we  will  now  give 
with  the  accompanying  plate,  which  will  assist  in  making  our  de- 
scription clear.*  The  uprights  being  movable,  will  allow  an  object 
of  23J  feet  in  diameter  to  be  turned,  while  the  greatest  diameter 
lor  boring  with  the  uprights  in  position  is  12  feet,  a  height  of  9 
I'eet  being  also  admissible. 

The  centre  piece,  or  bed,  weighing  26,000  pounds,  is  10  feet  4 

*  It  should,  however,  he  remarked  that  this  figure  represents  a  macbiMO  to  cut 
and  bore  but  12  feet ;  in  the  larger  apparatus  the  dividing  works  are  carried  out 
tl  feet. 
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inches  square,  and  supports  the  table  by  two  bearings,  formed  by 
the  anti-friction  cvirve  or  curve  of  equal  tangents.  The  lower 
bearing  is  in  reality  a  continuation  of  the  upper  one ;  a  portion  of 
the  curve  being  omitted  on  account  of  its  great  length,  and  the 
lower  part  of  the  curve  is  moved  up  so  as  to  get  the  advantage  of 
the  two  extremes  of  the  curve  with  less  depth  of  bearing.  The 
largest  diameter  of  the  upper  bearing  is  6  feet  5  inches,  aud  has  9^- 
in  vertical  height ;  the  smallest  diameter  of  the  lower  bearing  is 
10|  inches,  and  has  24  inches  vertical  height.  These  bearings  are 
lined  with  first-class  Babl^it  metal  (made  at  the  works)  after  the 
bearings  of  the  table  are  polished  and  set  in  the  proper  place  on 
the  bed,  thus  obviating  the  turning  of  the  bearings  in  the  bed. 

The  table  is  8  feet  diameter,  weighing  14,000  pounds,  on  which 
is  fitted  a  loose  face-plate  ring,  12  feet  diameter,  weighing  7,000 
pounds.  The  table  is  driven  by  two  sets  of  gearings.  For  fast 
motion,  the  table  is  driven  from  below  by  a  pair  of  mitre-gears 
34  inches  diameter,  7  inches  face.  For  slow  motion  a  bevel-gear  is 
cast  under  the  table  94|  inches  diameter,  1\  inches  face,  into  which 
gears  a  pinion,  11|  inches  diameter.  The  hub  of  this  pinion  is  a 
little  larger  than  the  outside  diameter  of  the  teeth,  and  runs  in  a 
bearing  close  up  to  the  table,  thus  allowing  the  pinion  to  be  drawn 
out  of  gear  through  the  bearing,  which  is  done  by  means  of  a  nut 
connected  with  the  pinion,  and  a  thread  cut  on  the  driving  shaft, 
when  the  table  is  to  be  driven  from  below.  I 

The  driving  cone  is  6  inches  face,  and  has  5  changes  from  17  to 
34  inches  diameter ;  the  machine  is  back-geared ;  on  the  cone-shaft 
are  two  pinions  which  are  brought  into  gear  to  drive  the  table 
either  from  above  or  below. 

There  are  two  cheeks,  bolted  on  opposite  sides  of  the  centre- 
piece, to  receive  the  uprights.  They  are'  24  inches  wide,  30  inches 
high,  and  21  feet  long,  weighing  14,000  pounds  each.  They  have 
planed  grooves,  into  which  fit  corresponding  projections  under  the 
uprights.  The  tail  ends  of  the  cheeks  are  tied  together  by  a  brace 
bolted  between  them. 

The  uprights  are  13  feet  3  inches  high,  have  a  base  of  8|  feet  in 
length,  and  30  inches  in  width,  each  weighing  11,000  pounds.  The 
upper  parts  of  the  uprights  are  connected  by  a  brace  3  feet  deep, 
weighing  3,000  pounds.  The  uprights  are  moved  together  by 
screws  driven  by  power. 

The  cross-slide  is  33  inches  high,  22  inches  deep,  with  hollow 
curved  back,  and  15  feet  long,  weighing  11,000  pounds,  and  is 
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raised  and  lowered  by  screws  driven  by  power  through  two  tangent- 
wheels.  There  are  two  heads  on  the  cross-slide,  one  for  turning, 
facing  and  boring,  with  self-feed  at  all  angles,  and  the  other  for 
drilling.  The  stand  carrying  the  driving  cone  and  back-gear  for 
the  drilling  head  is  bolted  on  top  of  the  brace  connecting  the  up- 
rights. The  drill-spindle  is  steel,  4J  inches  diameter,  and  has  18 
inches  travel,  with  self  and  hand  feed. 

The  Dead-Stroke  Hammer  in  England. — At  the  meeting  of 
the  Manchester  Institute  of  Engineers,  notice  was  taken  of  the 
Dead-Stroke  Power  Hammer  of  Messrs.  Shaw  k  Justice,  of  this 
city.  This  hammer  being  a  Philadelphia  invention,  we  feel  a 
natural  interest  in  its  reception  abroad,  and  are  glad  to  record  the 
good  opinions  it  receives.  Mr.  James  Fletcher,  of  Manchester,  who 
introduced  the  subject  to  the  above  meeting  of  engineers,  in  the 
course  of  his  remarks,  alluded  to  the  many  varied  attempts  which 
had  been  made  to  produce  a  power  hammer  that  could  be  driven 
by  a  strap  from  a  line  shaft,  and  still  possess  all  the  essential  quali- 
ties of  a  steam  hammer,  viz  :  to  strike  light  or  heavy  blows,  to  run 
quick  or  slow,  to  be  perfectly  under  control,  and  capable  of  being 
stopped  instantaneously. 

Mr.  Fletcher  stated  that  the  Shaw  &  Justice  hammer  was  one  of 
those  peculiar  and  simple  inventions,  so  many  of  which  have  ema- 
nated from  our  cousins  across  the  Atlantic ;  and  that  it  possesses 
a  great  many  advantages  over  all  others ;  such  as  taking  less 
power  to  drive  it,  so  that  he  had  no  doubt  that  the  same  amount  of 
steam  which  it  takes  to  work  a  steam  hammer,  would  drive  by 
means  of  an  engine,  at  least  three  of  these  hammers,  each  doing  the 
same  amount  of  work,  for  the  reason  that  in  the  steam  hammer,  the 
entire  cylinder  must  be  filled  with  steam,  even  when  a  short  stroke 
is  made,  thus  causing  a  waste  of  power,  which  clearly  does  not  occur 
in  the  other  apparatus.  Another  merit  mentioned  was  its  simpli- 
city in  working,  so  that  no  instructions  are  necessar}^,  but  that 
any  boy  in  a  smithy  can  manage  it. 

The  Illinois  and  St.  Louis  Bridge.— Report  of  the  Engineer- 
in-Chief,  James  B.  Eads,  C.  E.— We  have  read,  with  great  interest, 
this  pamphlet  of  portly  dimensions,  and  shall,  in  a  subsequent 
number,  give  some  extracts  from  its  most  interesting  portions, 
which  Avant  of  space  alone  prevents  us  from  introducing  at  the 
present  time.  In  the  meantime,  however,  we  will  make  a  general 
review  of  the  work,  and  express  freely  our  opinion  both  of  agree- 
ment and  dissent. 
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The  entire  report  may  be  well  considered  in  its'  two  divisions  of 
main  Report  and  Appendix,  the  first  being  a  general  treatment  of 
the  subject,  in  a  popular  manner,  for  the  benefit  and  instruction  of 
stockholders  and  the  non-professional  public  at  large,  and  the  last 
comprising  a  thorough  analytical  investigation  of  the  whole  pro- 
blem. This  latter  portion,  which  is  of  the  greatest  interest  to  all 
professional  engineers,  Capt.  Eads  informs  us,  has  been  prepared 
by  Messrs.  Fladd  and  Pheiffer,  of  his  staff,  and  to  these  gentlemen 
great  credit  is  due  for  the  masterly  character  of  their  work,  dis- 
playing as  it  does  a  familiarity  with  the  practical  application  of  the 
higher  analysis  not,  often  to  be  met  with  even  among  engineers, 
and  without  which  no  work  like  the  St.  Louis  bridge  could  be 
intelligently  designed. 

Prof.  Chauvenet  bears  his  testimony  to  the  accuracy  of  the  cal- 
culations, and  thus  gives  them  the  highest  possible  endorsement. 

The  problem  involved  in  the  consideration  of  an  arched  rib,  is  one 
of  peculiar  difficulty,  especially  when  the  rib  is  neither  hinged  at  the 
crown  or  abutments.  The  method  adopted  is  the  one  employed  by 
Sternberg  for  the  great  ribbed  arch  over  the  Rhine,  at  Coblentz, 
the  drawings  for  which  appeared  in  our  valued  cotemporary,  En- 
gineering^ some  time  since.  Some  modifications  were  necessary 
in  the  method  of  Sternberg,  who  treated  the  centre  line  of  the  arch 
as  a  parabola,  and  also  considered  the  arch  as  hinged  at  the  skew- 
backs.  In  the  bridge  before  us,  the  ends  were  considered  fixed  at 
the  piers,  which  reduced  the  computed  deflections  caused  by  the 
load  under  the  hinged  condition,  allowing  of  a  reduction  of  the 
weight  of  the  material,  provided  a  short  distance  from  each  end  was 
strengthened.  This  last  provision  was  required  from  the  fact,  that 
with  fixed  ends,  the  deflections  were  greater  near  the  abutments  than 
when  the  ends  were  hinged,  and  also  because  the  effects  from 
change  of  temperature  were  increased. 

The  ribs  are  formed  from  two  circular  flanges,  separated  about 
nine  feet  from  each  other  by  a  system  of  triangular  bracing.  In 
this  not  only  lies  the  carrying  system,  but  it  also  contains  the  provi- 
sion for  counter-bracing,  the  spaudrii  filling  merely  serving  to  sup- 
port the  roadway.  The  arch,  therefore,  acts  in  the  double  capacity 
of  a  rib  under  direct  compression,  and  a  beam  under  a  transverse 
load,  and  the  strains  at  each  point  are  the  resultants  of  the  strains 
arising  from  the  direct  compressive  action  of  the  load,  and  from  its 
bending  action,  Messrs.  Fladd  and  Pheiffer  have  treated  this  ques- 
tion in  a  most  thorough  manner.     The  appendix  is  made  complete 
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by  lithographed  sheets  showing  curves  of  strain  under  various  con- 
ditions of  the  load,  the  whole  forming  one  of  the  most  admirable 
investigations  of  the  kind  that  we  have  ever  seen.  We  should 
mention  that  the  full  analytical  considerations  of  the  masonry  are 
given,  as  also  effects  of  wind  upon  the  superstructure,  and  the 
gorging  of  ice  against  the  piers. 

The  portion  of  the  report  written  by  Capt.  Eads,  is  entirely  de- 
scriptive, principally  in  defence  of  the  plan  determined  upon,  viz  : 
three  cast  steel  arches,  of  500  feet  span,  in  preference  to  any  other,  on 
the  score  of  economy.  Ilis  points  are  ingeniously  and  ably  taken, 
but  we  do  not  think  that  the  conclusions  are  always  sound  and  reli- 
able. We  cannot  speak  too  highly  of  the  clearness  and  perspicuity 
of  style  in  which  the  various  subjects  are  discussed,  and  entirely 
agree  with  the  reasoning  adopted  as  to  the  relative  economy  of  the 
arch  and  truss  girder  for  long  spans. 

It  will  be  remembered  that,  during  the  summer  of  18G7,  Mr. 
Boomer  called  a  convention  of  engineers,  at  Chicago,  to  consider 
the  best  plan  of  uniting  the  Missouri  and  Illinois  shores  by  a  bridge- 
lie  controlled  a  charter  for  the  purpose,  and  was  opposing  Captain 
Eads,  who  also  controlled  a  charter.  This  convention  of  Mr. 
Boomer's,  after  several  days'  deliberation,  made  a  report  upon 
questions  involved  in  such  a  bridge,  which  was  afterwards  printed 
in  pamphlet  form,  for  distribution  among  those  interested.  The 
only  style  of  bridge  recommended,  or  even  considered,  was  a  truss, 
the  maximum  spans  of  which,  it  was  agreed,  should  not  exceed  368 
feet.  Commenting  upon  long  spans,  the  convention  declared,  in 
their  report,  that  there  was  no  engineering  precedent  for  spans  of 
500  feet,  which  would  furnish  them  with  any  reliable  data  on  the 
questions  of  material  and  workmanship  in  spans  of  such  great 
length. 

This  was  a  direct  and,  as  it  appears,  very  inconsiderate  stroke  at  the 
"  Eads  Bridge,"  and,  in  his  report,  Capt.  Eads  retorts  by  a  descrip- 
tion and  drawing  of  the  Kailinburg  bridge,  a  truss  bridge  with  a 
curved  top  chord,  of  the  enormous  span  of  ol5  feet,  precisely  the 
span  of  the  centre  arch  of  tlie  St.  Louis  bridge.  The  convention  at 
Chicago  avoided  the  consideration  of  the  arch  bridge ;  but  Captain 
Eads  does  that  work  for  them  in  liis  j)ainphlet,  and  handles  the 
X  parte  character  of  the  convention  very  .sharply. 

The  fact  is,  the  convention  only  examined  Mr.  Post's  style  of 
truss  bridge,  and  reported  on  that  exclusively,  as  that  was  the  de- 
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sign  Mr.  Boomer  had  decided  to  build  upon  before  be  called  bis 
convention  together  to  take  into  ■  consideration  tbe  best  method 
of  crossing.  As  they  had,  therefore,  but  one  plan  to  consider,  they 
reported  rightly  upon  it,  although  it  must  be  confessed  that  it  was 
injudicious  so  to  word  their  report  that  this  limit  of  its  bearing  was 
not  more  apparent ;  if  they  had  been  permitted  to  discuss  the  sub- 
ject of  long-span  bridges  generally,  without  being  confined  to  one 
l^rinciple  of  trussing,  the  result  would  have  been  of  far  greater 
value  to  the  profession  at  large. 

Captain  Eads'  case,  we  think,  is  not  so  strong,  when  he  considers 
thequestionof  the  relative  economy  of  suspension  and  upright  arches. 
He  claims  that  cast  steel  can  be  worked  up  to  its  full  elastic  linlit 
when  under  compression,  though  only  up  to  one-half  its  limit  under 
tension.  "  If  steel  were  but  one-half  stronger  in  compression  than  in 
tension,  then  two-thirds  of  the  material  only  would  be  required  to  give 
the  same  strength  in  the  upright  arch  that  would  be  required  for  the 
suspended  one.  In  that  case,  an  upright  arch  having  1,000  tons  of 
cast  steel  properly  disposed  throughout  its  length,  would  sustain  as 
great  a  load  as  1,500  tons  in  the  suspended  form."  The  reason 
assigned  for  this  difference  is,  that  a  yielding,  in  the  case  of  tension, 
means  an  utter  downfall  and  destruction  of  the  work,  while  in  the 
case  of  compression,  it  implies  only  a  mashing  out  of  parts,  and, 
therefore,  an  increase  in  section  and  resistance.  This  assumes,  as 
it  appears  to  us,  that  the  mashing  out  has  no  injurious  effect  upon 
the  structure  of  the  material,  an  assumption  which  requires  experi- 
mental proof  The  number  of  experiments  ,on  the  compressive 
resistance  of  steel  are  very  meagre,  although  those  in  the  tensional 
resistance  are  numerous.  According  to  all  existing  authorities,  no 
material  should  be  worked  up  to  its  full  elastic  limit ;  and  we  can- 
not, without  further  demonstration,  agree  with  Captain  Eads  in 
thinking  it  safe  so  to  do.  Engineers  endeavor  to  keep  far  within 
this  limit  of  elasticity,  with  good  reason,  we  think,  as  Mr.  Fair- 
bairn's  experiments  on  the  impact  of  girders  satisfactorily  show. 

"We  very  much  doubt  if  cast  steel  can  be  worked  compressively 
to  a  better  economical  advantage  than  properly  manufactured  steel 
luire,  although  we  admit  that  it  has  a  manifest  advantage  over  steel 
in  the  form  of  links,  although  not  nearly  so  great  as  in  Capt.  Eads' 
estimates.  A  chain  can  be  proportibned  to  the  exact  section  theo- 
retically required,  while  under  compression  suitable  bracing,  ver- 
tically and  horizontally,  must  be  introduced  to  prevent  flexure, 
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beside  the  mechanical  requirements  necessitating  an  excess  of  metal 
for  making  proper  connections  of  the  several  parts.  It  is  one  thing 
to  compute  the  metal  required  in  a  structure  from  a  simple  diagram 
of  strains,  and  another  to  arrange  these  parts  to  perform  their  dutj, 
in  combination  with  the  practical  requirements  of  actual  construc- 
tion. Parts  in  tension  can  almost  always  be  worked  up  nearer  to 
theoretical  requirements  than  parts  in  compression.  The  extension 
of  the  cables  to  their  anchorage  forming  the  approaches,  Captain 
Eads  dismisses  by  the  single  remark,  that  a  "  less  expensive  method 
is  most  always  practicable ;"  but  he  does  not  say  that  it  is  so  in  this 
case.  As  to  the  towers,  he  does  not  put  them  under  the  most 
favorable  consideration,  as  he  assumes  the  massive  masonry  required 
for  an  arch  is  carried  up  to  form  the  towers,  while  it  would  be  mani- 
festly more  economical  to  sink  pneumatic  piles,  and  have. braced 
wrought  iron  towers  upon  them.  As  to  the  anchorage  masonry,  as 
compared  to  that  required  to  receive  the  tremendous  thrust  of  the  land 
arches,  we  think  there  would  be  ver}'-  little  difference,  especially  if 
the  masonry  for  the  arches  is  founded  in  water,  which  would  not  be 
the  case  for  the  anchorage  of  the  suspension  bridge. 

Calling  the  traveling  platform  the  same  in  both,  the  suspension 
bridge  requires  a  truss  to  enable  it  to  conform  to  the  conditions  of 
equilibrium  under  a  variable  load.  This  truss  would  be  a  light 
one,  and,  perhaps,  would  not  require  any  more  material  than  the 
braced  standards  supporting  the  platform  of  the  arched  system, 
which  are  some  fifty  feet  high  near  the  abutments.  The  compara- 
tive cost  of  erection  is  largely  in  favor  of  the  suspension  is  admitted 
without  argument,  it  being  just  as  well  not  to  say  too  much  about 
the  difficulties  involved  in  the  erection  of  an  arch  of  500  feet  span 
without  false  works,  which  Captain  Eads  must  admit  has  no  "engi- 
neering precedent,"  except  in  Telford's  brain,  and  which  he  had  no 
opportunity  to  carry  out.  We  do  not  want  to  be  understood  as 
descrying  the  St.  Louis  bridge;  wc  want  to  see  it  built,  and  wc 
Relieve  it  can  be.  Further,  we  believe  the  spans  proposed  are 
within  the  powers  of  steel  construction  ;  but  a  comparison  should 
be  fair,  and  this  we  do  not  think  has  been  quite  the  case  in  that 
made  with  the  suspension  principle.  This,  h«jwever,  is  quite  natu- 
ral, in  view  of  Captain  Eads'  great  difficulties  in  forwarding  his 
-cheme  financially,  and  in  view  of  a  laudable  ambition  to  build  a 
.:teel  arch-bridge  of  the  greatest  span  hitherto  attempted.  We  wish 
him  all  success,  and  hope  that  he  will  favor  us  and  benefit  the  pro- 
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fession  witli  a  full  account  of  his  experiments  upon  steel,  a  macliine 
for  which,  he  informs  us,  he  is  having  built. 

The  Southport  Pier. — New  method  of  sinking  iron  piles  in 
sand.  At  the  last  meeting  of  the  Franklin  Institute,  there  was  ex- 
hibited by  means  of  a  photograph  projected  on  the  screen,  the 
structure  of  the  Southport  Pier,  and  the  means  used  for  sinking 
the  piles  on  which  it  is  supported.  Both  the  structure  and  the 
process  employed  in  its  erection  are  remarkable  lor  simplicity, 
economy  and  adaptation  to  the  existing  conditions. 

This  pier,  capable  of  resisting  severe  strains  from  wind  and 
water,  as  experience  has  proved,  capable  of  sustaining  a  load  of 
thirty-five  tons  for  each  bay,  3,600  feet  long,  and  fifteen  feet  wide, 
with  approaches,  tool  house,  &;c.,  was  constructed  for  $-16,595.  The 
entire  ijumber  of  piles  (237),  were  sunk  in  the  space  of  six  weeks 
in  a  location  where  work  could  be  prosecuted  only  at  low  tide. 

The  methods  employed  for  sinking  were  as  follows :  The  lower 
ends  of  the  piles  were  provided  with  circular  disks  one  foot  six 
inches  in  diameter,  on  which  projections  or  cutters  were  cast,  and 
through  which,  at  the  centre,  passed  a  pipe  delivering  water  from 
the  regular  mains  nnder  a  pressure  of  fifty  pounds  to  the  square 
inch. 

The  pile  was  supported  and  lowered,  as  necessary,  by  a  small 
piling  machine,  and  a  rotary  reciprocating  motion  being  given,  the 
sand,  &c.  was  loosened  from  beneath  and  carried  away  by  the  stream 
of  water.  The  water  being  stopped,  the  pile  settled,  so  as  to  sustain 
twelve  tons  without  moving,  in  five  minutes. 

The  Zentmayer  Lens. — At  a  late  meeting  of  the  Franklin 
Institute,  were  exhibited  a  series  of  glass  positives,  made  by  Mr.  E. 
Borda,  from  negatives  which  he  had  taken  during  the  past  season, 
with  one  of  Mr.  Zentmayer's  lenses  of  3|  inches  focus,  such  as  are 
supplied  for  stereoscopic  work. 

The  subjects  of  these  views  were,  as  a  rule,  waterfalls  and  sheets 
of  water  found  in  the  picturesque  region  of  Pike  Co.,  Penn'a. 

The  pictures  projected  on  the  screen,  as  usual,  were  of  a  most 
beautiful  character,  and  elicited  warm  commendation  from  all 
present,  doing  honor  equally  to  the  skill  of  Mr.  Borda,  one  of  our 
most  successful  amateur  photographers,  and  to  the  fine  qualities  of 
the  lens.  Mr.  Borda  also  spoke  in  high  terms  of  the  ease  of  man- 
agement, rapidity  of  working,  and  satisfactory  performance  of  the 
lens.     There  were  also  exhibited  on  the  same  occasion,  a  num- 
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ber  of  large  glass  positives  (shown  with  the  large  lantern  having 
8-inch  condensers  usually  employed  at  the  Institute  meetings),  of 
architectural  subjects,  of  an  excellence  and  beauty  which  we  have 
never  seen  equalled. 

"When  the  first  description  of  this  lens  appeared  in  a  report  of 
the  Secretary  of  the  Franklin  Institute,  published  in  this  Journal, 
Vol.  Lll.,  p.  63,  many  of  those  interested  in  the  manufacture  and 
sale  of  other  lenses,  were  loud  in  their  ridicule  of  the  whole  affair 
as  an  impossibility,  or  a  valueless  device.  Among  these,  the  most 
prominent  were  the  editors  of  the  British  Journal  of  Photography, 
who  devised  many  "demonstrations"  (which  were  no  doubt  con- 
vincing to  themselves),  that  such  a  lens  as  we  had  described  must 
require  adjustment  after  focusing,  and  could  not  take  a  sharp 
picture. 

From  the  following  statement,  published  in  their  issue  of  Dec. 
6th,  18()7,  Ave  presume  that  they  have  reconsidered  their  conclusions. 

"  Photographs  produced  by  the  Zentmayer  Lens. — Wc  are 
indebted  to  our  friend,  Mr.  M.  Carey  Lea,  for  a  couple  of  fine  photo- 
graphs; one,  a  purely  architectural  subject,  the  other  being  as 
purely  landscape.  Although  they  are  taken  with  a  lens  which  is 
composed  of  only  crown  glass,  yet  the  sharpness  is  quite  equal  to 
that  of  any  we  have  seen  by  achromatic  combinations  of  the  usual 
kind;  indeed,  the  limit  to  the  appreciation  of  more  detail  seems  to 
be  the  granularity  of  the  paper,  when  viewed  under  a  strong 
magnifier." 

One  energetic  opponent  has  thus,  we  find,  attained  to  knowledge 
and  appreciation,  and  another,  as  we  shall  soon  see,  proves  in  a  dif- 
ferent way  a  like  result. 

Those  interested  in  the  globe  lens,  were  in  the  first  case,  quite  as 
keptical  as  our  English  friends  on  the  same  subject,  and  though 
they  did  not  commit  themselves  to  print,  yet  did  to  paper  to  a  like 
effect.  But  somehow,  the  Zentmayer  lens  did  keep  taking  admi- 
rable pictures  without  adjustment  of  focus,  and  in  fact,  proved 
itself  a  great  success  and  triumph  of  skill.  Under  these  conditions, 
a  Mr.  C.  B.  Boyle,  of  New  York,  published  a  letter  in  the  Phila- 
delphia Photographer,  October,  1867,  claiming  priority  of  invention. 
Ilis  claim  was  answered  by  us  in  the  same  journal  for  November. 
To  this  came  a  reply  from  Mr,  Boyle  in  the  January  number,  in 
which  were  published  drawings  stated  to  be  reductions  from  his 
own  and  Mr.  Zentmayer's  patents.  On  comparison  with  the  origi- 
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nals  at  the  Patent  0£&ce,  these  drawings  were  found  to  be  incorrect 
in  several  particulars,  by  whicb  they  were  made  to  resemble  each 
other,  and  this  fact  was  accordingly  published  in  the  Philadelphia 
Photographer^  March,  1868.  Since  this  time,  Mr.  Boyle  and  his 
friends  have  left  no  stone  unturned  to  worry  Mr.  Wilson,  the  editor 
of  the  above  well  known  journal,  into  publishing  some  species  of 
withdrawal  or  counter-statement  to  this  exposure.  These  efforts 
have,  however,  proved  fruitless. 

It  is  therefore  without  surprise,  that  in  a  late  number  of  Hum- 
phreijs  Journal^  which  was  sent  to  us,  we  find  a  large  part  of  the 
pamphlet  filled  witii  abuse  of  Mr.  Wilson.  The  authors  of  these 
discreditable  personalities  are  in  the  first  place,  the  editor  of  the 
journal  and  Mr.  0.  B.  Boyle,  before  mentioned. 

With  regard  to  all  readers  of  Humphrey's  Journal^  we  should 
consider  no  answer  needed  to  these  attacks  ;  their  spirit  and  value 
would  be  justly  appreciated,  but  as  we  have  occasionally  seen  ex- 
tracts from  it  in  a  foreign  publication,  which,  feeling  little  kindness 
to  this  country,  prefers  to  show  to  its  readers  our  worst  specimens, 
we  insert  for  the  benefit  of  our  foreign  friends  and  supporters  a  few 
words,  which  may  put  them  on  their  guard,  should  the  article  be 
reprinted. 

The  charges  contained  in  this  paper  are  many  of  them  simply 
childish  slanders,  such  as  an  accusation  of  embezzlement  of  funds, 
for  which  a  full  account  has  been  rendered  and  published.  But 
there  are  others  on  which  it  may  be  worth  while  to  speak.  Thus, 
Mr.  AYilson  is  accused  of  great  unfairness  in  refusing  to  publish 
certain  letters  by  Mr.  Boyle,  in  which  he  sought  to  defend  himself 
against  a  charge  of  publishing  false  drawings. 

The  reason  why  these  letters  were  refused,  we  know  positively, 
was  simply  this :  The  drawings  ivere  false,  as  is  demonstrated  by 
Mr.  Boyle  himself,  in  the  article  now  noticed,  (in  which  he  gives  one 
of  his  former  drawings,  and  one  reduced  by  photography  from  the 
same  original,  which  are  obviously  unlike ;)  and  the  letters  sent  to 
Mr.  Wilson  were  exactly  similar  in  style  and  personality  to  that  now 
published  in  Humphrey' s  Journal,  and  therefore  obviously  unfit 
for  Mr.  Wilson's  magazine. 

One  word  more.  A  report  has  been  published  by  the  New  York 
Photographic  Society,  exonerating  Mr.  Boyle  from  the  above 
charges.  We  have  seen  the  original  draft  of  this  report,  which  was 
presented  to  the  Society  and  acted  upon.     It  is  in  Mr.  Boyle's  own 
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hand  ivriting.  The  names  of  the  committee  having  this  matter  in 
charge,  have  never  been  published,  although  the  fact  that  a  com- 
mittee teas  appointed^  is  on  record.  In  the  meantime,  we  have  in 
our  hands  certified  copies  of  the  original  drawings  and  the  published 
reductions,  whicli  are  obviously  unlike. 

AVe,  ourselves,  having  aided  in  opposing  Mr.  Boyle's  claims, 
have  been  soundly  abused,  but  we  bear  no  malice  on  thut  account, 
and  believe  ourselves  to  be  actuated  in  writing  the  above  simply  by 
regard  for  the  cause  of  truth,  and  for  a  friend  whom  we  have  long 
known  and  respected. 

ASTRONOMICAL  DISCOVERIES.-Comets  in  the  Spec- 
troscope.— Brossou's  coinet,  discovered  in  16-10,  missed  at  its  peri- 
helion passage  in  1851,  seen  in  1857,  again  missed  in  1862,  has  been 
re-discovered  in  the  present  year,  and  submitted  by  Mr.  lluggius  to 
spectrum  analysis  with  the  most  interesting  results. 

The  two  former  comets  which  were  examined  in  this  manner  by 
Mr.  Huggins,  showed  from  their  nuclei  luminous  bands,  closely 
resembling  those  of  the  gaseous  nebulse,  while  their  comoe  appeared 
to  shine  by  reflected  sunlight,  giving  only  a  subdued  solar  spectrum. 

In  the  present  case,  however,  the  bright 'lines,  three  in  number, 
and  resembling  those  found  by  Donati  in  his  own  comet,  are  not 
confined  to  the  nucleus,  but  are  due  also  to  the  light  from  the  coma, 
at  least  in  its  brighter  parts. 

In  one  of  these  bands,  two  bright  lines  were  occasionally  detected 
shorter  than  the  bands,  and  therefore  referable  to  the  nucleus.  A 
very  faint  continuous  spectrum  was  also  visible.  It  thus  appears 
that  nearly  the  whole  coma  of  this  comet  is  self-luminous,  which, 
if  it  were  possible  to  add  anything  to  the  intricacy  of  the  question, 
"What  is  a  comet?  adds  its  mite. 

Proper  motion  of  Stars  measured  with  the  Spectroscope. 

— That  part  of  this  motion  which  consists  in  the  approach  or  reces- 

ion  of  the  star  with  reference  to  the  observer,  has  been  measured 

y  ^[r.  Huggins  in  the  following  manner.     The  amount  of  refrac- 

1  ion  which  a  ray  of  light  suffers,  varies  with  its  wave  length.    Thus, 

':e  violet  waves  of  short  stretch  are  much  more  refracted  than  the 

•d  ones,  which  are  longer.  If,  then,  by  reason  of  a  motion  cither 
in  the  earth  or  a  star,  the  observer  is  carried  towards  the  source,  the 
apparent  length  of  the  waves  will  be  diminished,  and  they  will  be 
more  refracted;  if,  on  the  contrary,  the  star  and  earth  are  receding, 
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the  waves  will  be  relatively  lengthened.  Such  a  motion  or  change 
would  cause  the  lines  of  the  spectrum  to  be  displaced,  as  compared 
with  those  in  light  from  stationary  sources.  By  observations  based 
on  these  principles,  Mr.  Huggins  finds  that  the  nebulse  are  neither 
approaching  or  receding,  at  an  appreciable  rate,  and  that  the  star 
Sirius  is  approaching  our  S3'stem  at  the  rate  of  twenty-nine  and  a 
half  miles  per  second. 

This  recalls  an  observation  lately  published,  that  when  two  trains 
are  passing  at  speed,  the  note  of  the  whistle  sounded  by  one  and 
heard  in  the  other  is  higher  on  approaching,  and  lower  after  pass- 
ing, than  when  at  rest,  or  exactly  opposite. 

Spectra  of  Nebulae  Compared  with  Hydrogen. — Mr.  Hug 
gins  and  Father  Secchi  have  found  that  when  the  spectrum  of  the 
electric  spark  was  enfeebled  by  distance,  it  lost  all  its  lines  but  the 
double  one,  which  agrees  in  position  with  that  observed  in  the 
nebulas. 

Spectra  of  Sun  Spots. — Mr.  Huggins  repeating  Mr.  Lockyer's 
observations,  finds  that  most  of  the  dark  lines  are  wider  in  the 
spectrum  of  the  unbra  than  in  that  of  the  bright  surface. 

Eclipse. — The  expedition  sent  to  ludia  to  observe  the  Solar 
Eclipse  of  August,  have  reported  by  telegraph  that  they  have  met 
with  great  success  and  that  the  appearances  shown  in  the  spectro- 
scope prove  the  luminous  clouds  seen  around  the  sun,  during  total 
eclipse,  to  be  gaseous. 


LETTER  FROM  MR.  LATROBE. 
Professor  Henry  Morton, 

Editor  of  the  Journal  of  the  Franklin  Ins' i lute: 

Dear  Sir : — I  notice  in  the  July  number  of  the  Journal  just 
issued,  some  editorial  references  to  the  "  Iloosac  Tunnel,"  to  which 
I  must  ask  your  attention,  as  they  (no  doubt  undesignedly  on  your 
part,)  place  me  in  a  position  not  altogether  agreeable,  the  spirit  of 
the  remarks  being  likely  to  be  misconstrued  by  your  readers.  Thus 
you  speak  of  the  success  of  the  drilling  machine,  which  soon  fol- 
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lowed  the  recommendation  in  my  report  of  December,  1866,  that 
its  further  improvement  should  be  prosecuted  outside  of  the  tunnel, 
which  should  meanwhile  be  driven  by  hand  labor,  as  a  "  good  joke" 
doubtless  relished  by  my  friends,  &;c.  The  meaning  of  this  may  seem 
to  be,  that  while  a  young  engineer  might  be  excused  for  a  want  of 
foresight,  such  as  was  displayed  by  the  failure  in  this  case  to  see  that 
success  was  so  close  at  hand,  in  an  old  member  of  the  profession  it 
was  scarcely  pardonable.  Now,  if  my  report  be  referred  to,  it  will 
be  seen  that,  while  giving  the  history  of  the  drill  at  the  Hoosac 
Tunnel  up  to  that  time,  and  the  reasons  for  and  against  it  as  a  labor- 
saving  machine  derived  therefrom,  I  do  not  cast  any  doubt  upon 
its  ultimate  success,  nor  even  predict  a  lengthened  period  of  trial 
before  an  effective  machine  would  be  secured. 

Previous  experience  in  the  history  of  the  power-drill,  now  going 
back  twenty  years  or  more,  had  shown  but  a  succession  of  abortive 
efforts  to  make  it  a  really  useful  and  economical  piece  of  mechan- 
ism, and  I  was  not  unwarranted  in  fearing  that  its  past  history 
might,  to  some  extent  at  least,  be  repeated.  I  can  scarcely  then  be 
found  fault  with,  because  success  was  so  much  sooner  realized  than 
there  was  reason  to  hope  ?  It  may  be  said  that  the  Mont  Cenis  drill 
had  already  demonstrated  a  performance  in  Europe,  which  I  should 
have  known  could  as  well  be  accomplished  in  America ;  but  we  had 
no  right  nor  indeed  the  ability  to  use  that  precise  machine  here,  for 
want  of  acquaintance  with  the  minutiae  of  its  mechanism ;  and  even 
in  the  absence  of  these  difficulties,  a  feeling  of  national  pride,  and 
an  ambition  to  devise  something  better,  would  have  stood  in  the 
way  of  a  servile  copy  of  a  foreign  invention.  I  think,  in  short, 
that  no  one  can  read  the  remarks  of  my  report  of  1866,  on  this 
subject,  without  agreeing  that  the  "joke"  indulged  in  at  my  ex- 
pense, is  hardly  legitimate,  however  innocently  meant. 

Again,  it  is  inferred,  that  I  am  not  a  reader  of  the  Journal  of  the 
Franklin  Institute^  because  I  was  not  aware  at  the  time  of  my  notice 
of  the  Michigan  drill,  in  my  recent  report  of  1867,  that  this  drill 
was  invented  by  Professor  De  Yolson  Wood,  a  conclusion  drawn 
from  very  slight  premises,  as  I  think  you  will  yourself  admit.  The 
l;ict  is,  that  when  I  wrote  this  report,  I  had  just  returned  from 
Kurope,  had  been  but  once  at  the  Tunnel,  and  the  mechanic;  who 
showed  me  the  drill  only  knew  that  it  came  from  Michigan,  with- 
out knowing  the  name  of  the  inventor.  Hence,  I  spoke  ul  it  as  I 
<Ud,  and  I  may  add  that  my  mention  of  it  was  sufficiently  favorable 
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to  draw  a  letter  from  Messrs.  Robinson  k  Wood,  thanking  me  for 
the  terms  in  which  I  had  referred  to  it,  and  this  led  to  some  fur- 
ther correspondence,  in  which  the  causes  (for  none  of  which  I  could 
be  held  accountable),  why  the  drill  had  not  been  allowed  a  fuller  and 
fairer  trial,  were  adverted  to.  As  to  my  reading  of  the  Journal^  to 
which  I  have  been  a  subscriber  for  very  many  years,  and  of  which 
I  have  a  complete  set  back  to  its  first  number,  I  must  admit  that 
occasionally,  during  long  absences,  certain  articles  do  escape  my 
attention,  and  among  them,  it  so  happened,  was  Professor  Wood's 
upon  the  Hoosac  drills,  which  appeared  while  I  was  abroad  last 
year,  and  to  which  p^ressure  of  business  on  my  return  prevented  me 
from  going  back.  I  presume  that  I  am,  on  the  whole,  as  regular  a 
reader  of  the  Journal  as  most  of  its  subscribers,  if  I  am  to  judge 
from  what  I  hear  from  others  in  my  profession ;  but  I  must  allow, 
as  will  every  fully  occupied  engineer,  that  to  accomplish,  the  perusal 
of  even  half  the  scientific  periodicals  of  the  day  is  no  easy  task,  and 
therefore  often  imperfectly  performed. 

The  differences  of  opinion  between  myself  and  one  of  the  tunnel 
commissioners  are  spoken  of  in  the  editorial  referred  to,  without 
any  decided  intimation  as  to  who  is  right  and  who  is  wrong,  but  it 
is  admitted  that  I  have  shown  that  the  contract  system  recommended 
by  myself  has  proved  the  most  economical,  and  that  the  Legislature 
of  Massachusetts  has  fully  adopted  my  views  on  that  point,  is  mani- 
fested by  their  recent  abolition  of  the  "  commission,"  and  hy  the 
requirement  that  no  work  after  the  1st  of  October  next  shall  be 
done  upon  the  tunnel,  except  under  contracts,  proposals  for  which 
are  now  being  received.  In  respect  to  the  2^ump  question,  I  have 
simply  to  say  that  I  adhere  to  my  opinion  of  the  superior  safety 
and  economy  of  the  Cornish  engine,  at  the  to}-)  of  the  shaft.  The 
donkey  pumps  (as  they  are  familiarly  called),  advocated  and  used 
at  the  bottom  have  indeed  luckily  kept  the  water  from  causing  an 
absolute  suspension  of  the  work,  because  it  has,  thus  far  (contrary 
to  every  reasonable  expectatien),  rather  diminished  than  increased 
in  its  flow ;  but  it  has  been  more  than  once  on  the  very  verge  of 
drowning  the  donkeys,  to  say  nothing  of  the  enormously  increased 
consumption  of  coal,  costing  $7  per  ton,  which  they  have  required. 
It  might  not  be  difficult  to  show  that,  owing  to  the  difference  in 
this  item,  and  in  the  repairs  of  the  machines,  the  Cornish  engines 
would  have  proved  in  less  time  than  their  services  would  have 
been  required,  had  they  heen  aj^plied  at  the  proper  time,  that  notwith- 
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standing  their  greater  first  cost,  tbej  would  have  been  the  cheaper 
as  well  as  the  safer  and  more  certain  means  of  draining  the  tunnel. 
I  must  ask,  my  dear  sir,  that  you  will  let  these  remarks  appear 
in  the  Journal^  as  much  for  the  purpose  of  giving  a  correct  account 
of  the  present  state  of  affairs  at  the  Hoosac  Tunnel,  as  in  explana- 
tion of  what  may  seem  to  require  it  in  my  reports  as  its  consulting 
engineer. 

I  am,  very  respectfully  yours, 

Benj.  H.  Latrobe. 

North  Adams,  Mas?.,  August  12,  18G8. 


LETTER  FROM  THE  ABBE  MOIGNO. 

Paris,  September  ],  1868. 
M.  Herapel,  the  celebrated  constructor  and  improver  of  philoso- 
phical instruments,  to  whom  we  owe  great  progress  in  electrical 
and  pneumatic  machines,  delicate  balances,  &c.,  in  following  up  an 
idea  suggested  to  him  by  Professor  Pliicker,  of  Bonn,  has  greatly 
improved  upon  the  apparatus  known  as  the  polarizer  of  Nuremberg. 
In  the  form  that  he  has  constructed  it,  the  polarizer  is  composed  of: — 

1.  A  blackened  glass,  placed  ordinarily  horizontal,  or  more  or  less 
inclined  at  will,  on  which  the  incident  ray  is  polarized  by  reflection. 

2.  A  disc  or  ring,  placed  so  as  to  support,  on  the  path  of  the  reflected 
polarized  ray,  the  transparent  plate  which  is  to  show  the  chromatic 
polarization.  3.  A  convex  lens,  which  renders  the  ray,  proceeding 
from  the  transparent  plate,  cither  parallel  or  convergent.  4.  A  new 
contrivance,  which  gives  to  the  instrument  an  unexpected  success, 
a  parallel  mirror  of  glass  silvered  on  its  exterior  surface,  fixed  at 
such  an  angle,  on  a  support,  that  it  brings  up  to  a  vertical  line  the 
ray,  doubly  reflected  and  transmitted,  and  sends  it  into  a  Nicol'8 
prism,  which  serves  as  analzyer,  and  turns  on  an  axis.  "Whatever 
be  the  action  exerted  by  this  second  mirror,  all  we  can  say  is,  that 
the  phenomena  of  chromatic  polarization,  seen  in  this  new  instru- 
ment, are  presented  with  incomparable  intensity  and  sharpness  of 
outline.  For  example,  a  model  of  a  butterfly,  formed  of  thin  plates 
of  selenite,  of  difl:erent  thicknesses,  presents  by  turning  the  analyzer, 
not  only  the  two  complementary  colors  red  and  green,  orange  and 
blue,  yellow  and  violet,  of  well  known  polarizers,  but  all  the  shades 
of  the  spectrum,  which  succeed  one  another,  with  incredible  clear- 
ness and  brilliancy. 


160  Editorial  Correspotidence. 

In  order  to  demonstrate  to  the  public  at  large,  the  visible  rotation 
of  the  earth  bj  Foucault's  well  known  pendulum  experiment,  M. 
Maumene,  in  1851,  with  the  sanction  of  the  late  Cardinal  Gousset 
then  Archbishop  of  Reims,  erected  a  large  pendulum  in  the  cathe- 
dral itself,  and  the  experiments  were  several  times  repeated  with 
the  greatest  success. 

Now,  Monsiegneur  Landriot,  present  Archbishop  of  Amiens,  has 
just  authorized  M.  Maumene  to  reproduce  in  the  cathedral  of  Amiens 
the  same  experiments  that  he  made  seventeen  years  ago  in  the  cathe- 
dral of  Reims.  While  we  write,  the  preparations  are  being  made 
with  every  care,  and, as  speedily  as  possible,  and  M.  Maumene,  who 
constructed  the  Reims  pendulum  with  his  own  hands,  is  having  the 
same  instrument  erected  at  Amiens.  He  is  ably  assisted  in  this  inte- 
resting work  by  M.  Dubois,  professor  of  mathematics,  and  M.  Poir^, 
professor  of  physical  science.  The  ball  of  the  pendulum,  without 
the  envelope,  weighs  about  forty-three  and  a  half  pounds.  The  sus- 
pending cord  is  of  steel,  and  is  upwards  of  16-i  feet  in  length,  the 
available  height  inside  the  Amiens  cathedral  being  165  feet.  The 
diameter  of  the  circle  of  oscillation  is  to  be  nineteen  feet  five  inches. 
Under  these  conditions,  spectators  can  be  convinced  by  eyesight,  on 
watching  the  motion  of  the  pendulum,  for  only  half  an  hour,  that 
the  earth  does  go  round  on  its  axis  and  no  mistake. 

F.  MOIGNO. 


THE  REWARD  OF  GENIUS. 

There  is  no  market  for  genius.  To  conduct  such  a  market  re- 
quires the  highest  order  of  talent,  combined  with  a  full  purse  at 
the  outset;  and  as  the  two  are  rarely  combined,  genius  must  go 
begging,  or  be  dependent  on  slight  favors,  when  it  often  possesses 
that,  which,  after  its  death,  is  found  to  be  worth  millions  to  the  com- 
munity. And  this  will  ever  be :  so  long  as  genius  continues  ahead 
of  its  time,  it  necessarily  leaves  those  who  are  incompetent,  so  far 
behind. 

New  discoveries  or  inventions  are  not  saleable  until  they  are 
understood ;  and  to  have  it  known,  it  must  be  taught,  which  re- 
quires often  repeated  explanation  and  frequent  illustration,  con- 
suming nearly  all  the  time  of  the  man  of  genius,  which  is  generally 
spent  without  any  equivalent.  Great  truths,  like  great  medicines, 
are  sometimes  quite  sharp  and  unpalatable.  T.  S. 


The  Economical  Construction  of  Beam  Trusses.  IGl 

^m\  .Hntl  lUccliuuiral  ^MiDiuccviui], 

THE  ECONOMICAL  CONSTRUCTION  OF  BEAM  TRUSSES. 

By  G.  S.  Morison-,  C.  E. 

(Continued  from  page  1C5.) 

Construction  of  the  Weh. — The  simplest  form  of  web  is  a  thin  sheet 
of  metal  extending  from  chord  to  chord,  as  in  I  beams,  and  the  dif- 
ferent varieties  of  plate  girders ;  but  the  action  of  the  strains  within 
such  a  web  is  but  imperfectly  understood,  and  so  great  an  excess  of 
metal  is  required  to  prevent  buckling  as  to  render  it,  except  in  very 
small  structures,  far  from  economical. 

The  function  of  the  web  is  to  resist  the  shearing  strains  by  con- 
veying the  weight  applied  at  each  point  to  the  supports.  This  will 
be  effected  by  a  series  of  bars  running  from  chord  to  chord,  and 
thus  connecting  the  ends  of  the  beam  by  a  zigzag  line.  A  weight 
applied  at  any  point  of  the  truss  will  travel  on  these  bars  from 
chord  to  chord,  and  so  reacji  one  of  the  supports.  As  weight  al- 
ways exerts  a  downward  force,  the  bar  on  which  it  travels  from 
upper  to  lower  chord  will  be  strained  in  compression,  and  that  on 
which  it  travels  from  lower  to  upper  chord  in  tension. 

The  bars  may  be  so  arranged  that  the  load  shall  advance  towards 
the  supports  when  travelling  from  upper  to  lower  chord,  when 
travelling  from  lower  to  upper  chord,  or  in  both  cases.  In  the  first 
case,  the  tension  bars  or  ties  will  be  vertical,  and  the  compression 
bars  or  struts  inclined  (Fig.  12) ;  in  the  second  case,  the  struts  will 
be  vertical,  and  the  ties  inclined  (Fig.  13),  and  in 
the  third,  both  struts  and  ties  will  be  inclined. 
(Figs.  14  and  15).  The  first  arrangement  is  that 
adopted  in  the  common  Howe  Truss,  the  second  that  of  the  Pratt 
Truss,  and  the  third  in  which  struts  and  ties  are 
equally  inclined,  that  of  the  Warren  Girder.  \  N  I  [\t>  I  1  W 
The  bracing  of  the  web  may  also  be  arranged 
in  two  or  more  systems  (Figs.  16,  17,  18  and  19).  In  this  case, 
each  system  bears  its  own  share  of  the  weight         ^,     ^ 

•^  .       .  FIC  14 

independently  of  the  others.     Fig  19  is  simply     /  /  /"  AA  \  A  \ 

a  Warren  girder  developed  into  a  lattice. 

It  may  be  noticed  that  in  an  open  truss,  any  rupture  due  to  the 
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shearing  strain  would  extend  tlirougli  the  length  of  a  panel,  which 
would  thereby  be  distorted.     That  this  is  precisely  analogous  to 
the  sliding  of  one  part  upon  another  in  a  solid 
[\td2J\A^^     beam,  will  appear  from  Fig.  20. 

Through  that  part  of  the  beam  in  which  the 
shearing  strain  is  positive,  the  weight  must  be  conveyed  to  the  left 
hand  support,  the  struts,  if  inclined,  will  then  lean 
to  the  right,  and  the  ties  to  the  left ;  when  the 
strain  is  negative,  the  weight  is  to  be  carried  to 
the  right  hand  support,  the  struts  leaning  to  the  left,  and  the  ties  to 
the  right.  As  the  sign  may  change  anywhere 
between  s  and  s',  Fig.  11,  between  these  two 
points  the  web  must  be  capable  of  carrying  the 
strain  in  both  directions.  This  will  be  effected  in  the  first  and  sec- 
ond arrangements  of  web  by  introjiucing  coun- 
ter-bracing, as  shown  by  the  doited  lines  in 
Figs.  12  and  13 ;  in  the  third  arrangement  by 
making  the  bars  of  the  central  panels  capable 
of  acting  both  as  struts  and  ties ;  in  that  ar- 
rangement in  which  the  ties  and  struts  are 
inclined  unequally,  either  method  may  be  used. 

The  distance  on  either  side  of  the  centre  to  which  counter-bracing 

need  be  carried,  can  be  calculated  by, 
the  formula  already  given,  and  is  de- 
pendant solely  on  the  ratio  between 
the  dead  and  moving  loads.  Table  I. 
gives  the  distance  in  decimals  of  the 
whole  length  of  the  truss,  through 
which  counter-bracing  is  needed  on  each  side  of  the  centre  for  seve- 
ral values  of  this  ratio.  "  It  can  rarely  happen 
that  the  dead  load  will  be  as  great  as  in  the 
three  or  four  values  at  the  head  of  the  column, 
but  they  serve  to  show  how  slowly  the  length 
of  counter-bracing  decreases  in  heavy  bridges, 
and  how  little  stiffness  can  be  gained  by  the  expensive  plan  of  bal- 
lasting. When  the  point  s  falls  between  the  centre  of  a  panel  and 
the  end  of  a  truss,  no  counter-brace  is  needed  in  that  panel,  but  it  is 
well  to  put  one  in  as  a  precaution  against  the  possibility  of  an  ex- 
cessive load.  Beyond  this  limit,  counter-bracing,  unless  used  as  i: 
the  Post  and  McCallum  bridges,  to  create  an  artificial  stiffness,  is  abso 
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lutely  useless,  the  strain  on  the  main  brace  necessarily  throwing  the 
counter  out  of  adjustment. 

In  determining  the  most  economical  arrange- 
ment of  the  bars  composing  the  web,  the  re-  Table  I. 
lative  inclination  of  struts  and  ties,  and  the 
length  of  panel  must  both  be  examined. 

I.  To  find  the  most  economical  relative  in- 
clination of  struts  and  tics.  In  Fig.  21,  let  ba 
represent  a  strut,  and  AC  a  tie,  then 

AD=a  =  depth  of  truss. 
BC  =  6  =  length  of  panel. 
BD  =0=  inclination  of  strut. 
J)C  =  h—c=     "  "    tie. 

AB  =  1  «-  +  c"         AC  =  |.V-f  (6  — cf 
By  varying  c  between  0  and  6,  Fig.  21  will  be 
made  to  embrace  the  several  arrangements  of 
Figs.  12,  13  and  14. 

The  strains  in  the  braces  being  produced  by 
a  force  acting  vertically,  will  be  proportional 
to  their  lengths,  and  if  m  (icnotes  the  weight 
or  value  of  a  section  of  the  strut  capable  of 
sustaining  a  unit  of  strain,  and  n  the  corres- 
")nding  section  of  the  tie,  then  the  weight  or 
vost  of  the  strut  is  proportional  to 
m  (or  +  c*) 
ud  that  of  the  tie  proportional  to 

and  that  of  the  two  braces  proportional  to 

m  {a-  -\-  C-)  +  n  (  a-  -^  {b  —  ef  \ 

T\\Q  minimum  value  corresponds  to  the  case  when  the  differential 
J -efficient  taken  relatively  to  c  vanishes,  or 

2mc  —  2  n  {h  —  c)  =  o 

c  =  b  —  0==  n  :  m 
Hence  the  most  economical  division  of  the  panel  is  that  which  makes 
the  inclination  of  tie  and  strut,  in  the  inverse  ratio  of  the  weight  or 
value  of  material  required  in  each  to  sustain  a  unit  of  strain. 

II.  To  find  the  most  economical  length  of  panel.     The  whole 
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material  in  the  web  is  in  the  direct  ratio  of  the  "material  in  each 
panel,  and  the  inverse  ratio  of  the  length  of  panel,  and  propor- 
tional to 

m  {a?  +  c2)  +  w  ^  a'  +  ip  —  cf  \ 
_ 

For  the  first  arrangement  (vertical  ties),  c  =  6,  and  this  fraction 

becomes 

(m  4-  n)  ft^  -f  w  y^ 

h 

which  is  a  minimum, when  the  differential  co-efficient  taken  relative 
to  h  vanishes,  or  when 

(m  +  n)  o? 


b  =  a  J'n  +  n 
m 

in  which  case  the  whole  material  in  the  web  is  proportional  to 

2  a  -y/m  [m  +  n) 

For  the  second  arrangement  (vertical  struts),  c=o,  and  the  web 

is  proportional  to 

(m  -f  7i)  a^  +  n  b^ 
b 
and  this  is  a  minimum  when 


b=a  J^^  +  n 

n 

the  whole  web  being  then  proportional  to 

2  a  \/  [m  +  n)  n 

For  the   third  arrangement  (ties  and  struts  equally  inclined), 
c  =3  ^  J,  and  the  web  is  proportional  to 

(m.  +  7i)(a-+-) 


b 
and  this  is  a  minimum  when 

t — j2  =  o  h=2a 

the  web  being  then  proportional  to 

a  {m  +  7i) 

(To  be  continued.) 
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STEAM-ENGINES  OF  THE  FRENCH  NAVY. 

By  R.  H.  Thurston-,  U.  S.  N., 

(Member  of  the  Institute.) 

A  PECULIARLY  ingeuious  modification  of  the  "Woolf  system"  of 
steam-engines  has  recently  been  extensively  introduced  into  the 
French  iron-clad  navy,  with  the  expectation  of  securing  a  marked 
economy  in  consumption  of  fuel  and  other  advantages. 

In  this  design,  three  cylinders  of  equal  size  are  set  side  by  side, 
and  coupled  to  the  same  crank-shaft.  These  cylinders  are  pre- 
cisely alike  in  every  part,  and  their  pistons,  rods,  and  valve  gear 
are  all  cast  from  the  same  patterns,  and  forged  from  the  same  draw- 
ings, and  the  distribution  of  steam  is  ingeniously  arranged  in  such 
a  manner  as  to  throw  nearly  equal  work  upon  each  cylinder,  the 
high  pressure  cylinder  receiving  the  same  maximum  strains  as  the 
low  pressure  cylinders. 

In  the  first  of  these  designs,  the  cranks  were  set  at  angles  of  120° 
with  each  other.  The  steam,  moderately  superheated,  passed  through 
the  steam  jackets  of  the  two  condensing  cylinders,  and  entered  the 
high  pressure  cylinder  which  was  placed  between  the  other  two. 
In  the  high  pressure  cylinder,  steam  followed  the  piston  until  the 
crank  had  swung  through  120°  of  arc,  when  the  valve  closed  the 
steam  port  of  the  middle  cylinder,  which  we  will  call  A,  and  at  the 
same  instant,  a  condensing  cylinder,  b,  commenced  taking  steam 
from  A,  the  steam  expanding  in  both  cylinders. 

As  A  commenced  its  return  stroke,  it  would  compress  the  steam 
remaining  in  A,  but  at  that  time,  the  piston  of  the  condensing  cylin- 
der, B,  travelled  so  much  more  rapidly  than  that  of  A,  that  it  com- 
pelled a  continued  expansion;  when  the  crank  of  B  had  passed  over 
120°,  or  when  that  of  A  had  moved  through  240°,  B  closed  its 
steam  port,  and  the  other  condensing  cylinder,  c,  took  steam  from 
A,  until  the  latter  reached  its  dead  point ;  there  the  valve  of  c 
closed  its  port,  while  A  took  steam  again.  A  reservoir  was  at 
first  interposed  between  the  high  pressure  and  the  condensing 
cylinders,  into  which  the  steam  was  exhausted  from  A,  and  from 
which  the  other  cylinders  took  their  steam.  It  was  found  to  have 
no  useful  effect,  and  was  afterwards  removed. 

In  later  engines,  the  cranks  of  the  two  condensing  cylinders  arc 
set  at  an  angle  of  90°  with  each  other,  and  that  of  the  high  pres- 
.-ure  cylinder  135°  from  either,  while  the  point  of  cut-off  is  fixed  at 
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or  witliin  half  stroke  for  tlie  high  pressure,  and  "at  three-quarters 
for  the  condensing  cylinders. 

Figs.  1  and  2  exhibit  the  pressures  on  one  side  of  the  piston,  in 
each  cylinder,  during  a  complete  revolution,  in  each  of  these  styles 
of  engines. 

The  full  lines  a  a  a  a  represent  the  pressure  in  the  middle  cylin- 
ders, and  the  broken  lines  show  the  pressure  in  the  condensing  cyl- 
inders, the  ordinates  representing  the  pressures,  and  the  abscissas 
measuring  degrees  of  arc. 

L  L  is  the  line  of  atmospheric  pressure ;  the  dotted  line  exhibits 
the  back  pressure  in' cylinder  A,  and  affords  a  ready  means  of  com- 
parison of  the  amounts  of  work  done  in  each  cylinder.  The  back 
pressure  line  of  the  condensing  cylinders  is  taken  at  13|  pounds 
below  the  atmosphere.  It  will  be  noticed  that  in  the  later  engine, 
whose  curve  is  given  as  Fig.  2,  steam  enters  cylinder-  A  from  the 
boiler,  until  the  crank  has  passed  over  90° ;  from  90°  to  135° 
steam  expands  in  A ;  from  135°  to  225°  it  expands  in  A  and  B ; 
from  225°  to  255°  it  expands  in  A,  B  and  c ;  from  255°  to  3-15°  it 
expands  in  A  and  c,  and  is  compressed  in  A  during  the  last  15°  of 
the  revolution. 

The  amounts  of  work  done  in  the  several  cylinders  are  very 
nearly  equal,  and  the  maximum  pressures  on  the  crank  pin  are 
almost  precisely  the  same. 

It  will  be  noticed  that  at  some  portions  of  the  revolution,  where 
steam  is  expanding  in  the  middle  cylinder  and  one  of  the  side  cyl- 
inders simultaneously,  the  full  line  of  the  middle  cylinder  a  a  a 
coincides  with  and  hides  the  broken  lines  b  h  h  and  c  c  c  of  the  side 
cylinders. 

The  designer  claims  for  this  engine  superiority  in  economy  of 
fuel,  nearly  perfect  static  equilibrium,  great  lelagth  of  bearings  with 
moderate  pressures  upon  them,  and  economy  in  first  cost  and  in 
repairs. 

Engines  of  this  pattern  were  exhibited  at  the  Paris  '■^  Exposition''^ 
of  1867,  and  attracted  much  attention  from  engineers  who  have 
looked  with  interest  for  reports  of  performance. 

Those  engines,  intended  for  the  Friedland  and  the  Ocean,  were  of 
82f  inches  diameter  of  cylinder,  4  feet  3J  inches  stroke,  and  drive 
a  Mangin  screw  of  20  feet  diameter,  and  28  feet  of  pitch;  they  were 
rated  at  960  nominal  horse-power,  and  were  intended  to  work  up  to 
4,000  indicated  horse-power ;  their  weight  was  about  400  tons,  and 
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with  boilers  ready  for  steam,  something  over  800  tons ;  their  cost 
was  about  $300,000,  gold. 

They  were  intended  to  drive  iron  clads  of  7,000  tons  displace- 
ment 14|  knots  per  hour ;  their  duplicates  have  not  worked  up  to 
as  high  a  power  as  was  intended,  but  a  speed  of  1-1-2  knots  is 
claimed. 

In  1863  a  board  of  officers  was  directed  to  conduct  a  series  of 
experiments  with  the  engines,  then  just  completed  from  the  new 
designs,  for  the  Loiret^  and  to  report  upon  the  relative  economical 
value  of  the  old  plan  with  two  cylinders  and  the  new  style. 

The  experiments,  seven  in  number,  of  twelve  hours  each,  exhi- 
bited an  economy  of  from  3  to  7  per  cent,  in  favor  of  the  new 
engine. 

The  result  for  the  two  cylinder  engine  was  obtained  by  simply 
removing  the  valves  from  the  middle  cylinder,  thus  using  the  two 
condensing  cylinders  under  some  disadvantages,  and  probably  ap- 
preciably exaggerating  the  relative  value  of  the  new  design. 

The  Board  reported  that  they  considered  it  advisable  to  make  a 
trial  of  an  engine  with  three  cylinders,  but  each  taking  steam  direct 
from  the  boilers,  in  competition  with  the  Loiret  engine. 

Such  engines  were  accordingly  fitted  to  the  iron  clads  Gauloise 
and  Hevanche,  and  their  performance  compared  with  engines  of  the 
new  type  fitted  to  the  iron  clads  Ifagnanime,  Savoie  and  Valeurense. 

The  vessels  were  all  similar,  displacing  5,711  tons;  their  length 
was  262^  feet,  breadth  56  feet,  and  draught  of  water  25 J  feet;  their 
engines  were  intended  to  develop  4,000  indicated  horse-power. 

The  engines  of  the  Gauloise  ty^te  cost  tico-tJdrds  of  one  per  cent. 
less  than  the  Savoie  style. 

The  following  table  exhibits  the  result  of  their  trials : 
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The  point  of  cut-off  in  tlie  Gauloise  engines  was  fixed  oX  four- 
tenths;  the  Magnanime  expands  about  four  times. 

Neither  of  these  engines  worked  up  to  its  intended  power,  and 
neither  exhibited  surprising  economy  of  fuel,  the  two  styles  being 
about  equal  in  that  respect. 

A  member  of  the  Board  which  has  been  mentioned,  has  recently 
published  a  pamphlet  in  which  he  analyses  the  claims  advanced  by 
!M.  Dupuy  de  Lome,  in  a  "  Note''''  to  the  Revue  maritime  et  coloniale, 
and  his  ideas  accord  so  well  with  those  of  many  of  our  own  engi- 
neers, that  we  translate  in  full  his  * 

CONCLUSIONS. 

Comparing  this  new  engine — derived  from  AVoolfs  system — with 
the  ordinary  engine  with  two  cylinders,  we  see  by  experiments  be- 
fore referred  to,  that  the  latter  (under  exceptionally  disadvantageous 
conditions,  however,  as  in  the  Loiret\  exhibits  from  3  to  7  x>er  cent. 
greater  consumption  of  fuel,  a  fault  slight  in  itself,  and  which  is 
certainly  more  than  compensated, /or  a  war  vessel,  by  the  advantage 
of  employing  for  the  same  number  of  revolutions  of  the  screw,  a 
much  lower  pressure  in  the  boiler,  and,  consequently,  of  being  less 
exposed  to  incrustation,  which  takes  place  so  rapidly  at  high  tem- 
peratures, and  of  being  less  liable  to  dangers  that  accompany  ulti- 
mate rupture,  and  by  the  funhet  advantage  of  being  able  to  steam 
at  much  lower  speed,  if  it  is  desirable  not  to  reduce  the  pressure. 

The  maximum  strains  upon  the  crank-pins  are  greater  in  the 
engines  with  two  cylinders.  However,  they  are  not  double  as  the 
author  of  the  '■'■  Note^^  asserts;  the  difference  is  only  about  ten  per 
cent.  On  the  other  hand,  the  uniformity  of  the  "  couple  of  rota- 
tion "  is  more  satisfactory  in  the  engine  with  two  cylinders ;  the 
latter,  at  lower  cost,  is  of  less  weight,  and  occupies  less  space,  thus 
presenting  an  important  advantage  where  excessive  thickness  and 
weight  of  armor-plating  interpose  such  great  obstacles  to  the  full 
and  effective  protection  of  the  vital  part  of  war  vessels. 

Since  the  working  pressures  are  very  different  in  the  two  styles 
of  engines,  developing  the  same  power,  it  follows  that,  as  the  boilers 
deteriorate  and  it  becomes  necessary  to  reduce  the  pressure,  this 
reduction  will  be  a  greater  disadvantage  to  the  new  engine  than  to 
the  engine  with  two  cylinders,  as  it  will  affect  the  former  only  until 
the  working  pressure  of  the  engine  with  two  cylinders  is  reached, 
during  all  of  which  time  its  power  will  decrease,  while  the  two- 
cylinder  engine  will  retain  its  power. 
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We  see  then,  by  comparison  of  the  respective  advantages  and 
disadvantages  of  the  two  engines,  that  the  superiority  attributed  by 
its  designer  to  the  new  machine  over  thp.t  with  two  cylinders,  is 
perfectly  debatable. 

But  if  we  compare  the  new  engine  of  the  Savoie  type  with  the 
engines  with  three  indejjeyident  cylinders  of  the  Gauloise  type,  we. 
may  conclude,  from  the  preceding  discussion,  that  the  latter  arc  in 
every  respect  superior. 

In  fact :  1.  They  are  equal  to  the  other  in  respect  to  economy  of 
fuel,  and  besides,  they  have,  with  less,  b}"  12  pounds,  boiler  pressure, 
worked  up  to  a  power  greater  by  nearly  400  horse-power. 

2.  They  afford  greater  security  on  approaching  a  high  velocity 
of  rotation,  because  their  "couple  of  rotation"  is  more  regular, 
their  maximum  pressure  on  their  bearings  is  50  per  cent,  less,  and 
because  the  cutting  caused  by  high  temperature  of  steam  is  less  to 
be  feared. 

3.  The  statical  equilibrium  of  their  reciprocating  parts  is  more 
perfect  from  the  more  regular  manner  in  which  the  cranks  are  set 
on  the  shaft. 

4.  To  obtain  4,000  horse-power  with  these  engines,  a  lower 
velocity  may  be  adopted  than  is  proposed  for  the  engines  of  the 
Friedland,  by  raising  the  pressure,  without,  however,  approaching 
26  pounds,  or  by  extending  the  introduction,  while  with  the 
Friedland's  engine  that  power  cannot  be  obtained,  unless  by  ex- 
ceeding the  working  pressure — 26  pounds — or  by  increasing  the 
velocity  of  rotation,  which  is  already  too  great. 

5.  Finally,  as  the  point  of  cut-off  in  the  Gauloise  type  is  only  at 
•40,  when  the  boilers  become  worn,  a  lower  pressure  may  be  used 
without  lessening  the  power,  by  allowing  the  ste.am  to  be  cut  off 
later ;  this  would  be  impossible  with  the  new  engine,  where  the 
introduction  is  already  at  its  maximum. 

En  resume,  the  three  advantages  attributed  to  the  new  engine  by 
its  designer,  in  comparison  with  the  engine  of  two  cylinders — which 
advantages  we  have  reduced  to  their  true  value — become,  on  the 
ontrary,  so  many  points  of  marked  inferiority  in  comparison  with 
the  three  cylinder  engine  of  the  Gauloise  type,  which  latter  pos- 
sesses the  highly  important  advantages  referred  to  in  jiaragraphs  4 
and  5  above. 

This  engine,  on  the  modified  Woolf  typo,  is  therorore  far  from 
'xhibiting  an  "important  advance"  as  the  author  of  the  ".A^of«" 
announced. 
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In  fact,  its  greatest  defects  may  pass  unnoticed  in  time  of  peace, 
because  those  occasions  on  which  the  engines  of  our  war  vessels 
are  required  to  develope  all  their  power,  are  then  very  rare  and  of 
short  duration ;  but  in  time  of  war,  for  which  those  vessels  are 
constructed,  a  speed  that  calls  for  high  pressures  and  speeds  of  pis- 
ton, will  be  often  demanded  and  obtained.  Then  the  great  dangers 
that  these  engines  bring  with  them  will  be  made  evident. 

In  presence  of  such  contingencies,  there  will  be  no  hesitation  in 
altering  these  engines  as  promptly  as  possible  into  machines  of  the 
Gauloise  type,  which  can  fortunately  be  done  without  difficulty. 

The  latter  style  of  engine  has  been  introduced  into  the  English 
navy,  and  the  Loiret  commission,  in  recommending  it.  in  1863,  in 
preference  to  that  which  the  '■'■  Note''^  would  have  us  accept  to-day, 
pointed  out  to  the  administration  one  of  the  best  courses  that  it  could 
pursue. 

It  was  this  that  we  have  attempted  to  prove,  and  we  believe  that 
we  have  offered  full  evidence  of  the  fact. 

(Signed)  II.  Labeousse. 

Since  the  date  of  the  above  criticism,  the  French  engineers  have 
definitely  adopted  surface  condensation  in  the  new  t3'pe  of  enoine, 
with  a  view  to  the  avoidance  of  the  rapid  deposit  of  incrustation 
due  to  the  higher  pressure,  but  the  other  objections  remain  and 
will  probably  prove  fatal  to  this  style  of  engine,  in  spite  of  the  ad- 
vantages it  possesses  of  equalizing  and  lessening  the  strains  upon 
the  bearings,  reducing  initial  high  pressures  where  high  steam 
is  used,  and  affording  large  bearings,  as  well  as  the  economical 
advantage  of  similarity  of  parts  in  its  several  cylinders  and  their 
appurtenances. 

Providence,  K.  I.,  July,  18G8. 


CUTTING  AND  PLANING  STONE. 

By  S.  "W.  Kobinson,  C.  E. 

Many  attempts  have  been  made  to  dress  stone  of  various  kinds 
by  the  action  of  a  cutting  tool  passing  over  them,  as  in  planing  or 
turning  iron,  wood,  kc.  Very  many  of  these  attempts  have  failed 
mainly  for  the  reason  that  the  grit  of  most  stone  will  not  admit  the 
passage  of  any  tool,  which  can  be  economically  used,  without  its 
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suffering  too  severely  from  tbe  grinding  action  of  the  stone.  No- 
thing but  the  diamond  can  act  in  this  manner  upon  stones,  which  are 
most  difficult  of  being  so  cut,  such,  for  example,  as  granite,  quartz, 
&;c.     But  the  diamond  is  too  expensive  for  common  use. 

Other  varieties  of  stone,  such  as  gypsum,  soapstone,  slate,  «S:c.,  are, 
on  the  contrary,  easily  cut  with  a  steel-tool  in  the  manner  above 
described.  Limestone  is  more  difficult;  and  sandstone,  even  if  it  be 
softer,  is  yet  less  easily  cut  on  account  of  the  grit.  There  is, 
therefore,  a  certain  limit  beyond  which  this  mode  of  acting  upon 
stone  must  cease 

It  is  well  known  that  blo'A's  upon  a  steel  tool,  when  in  contact 
with  a  refractory  stone,  will  flake  off  particles  without  seriously 
injuring  the  cutting  edge.  This  is  the  mode  of  action  of  the  com- 
mon drill  in  boring  blast  holes ;  also  of  the  stone  mason's  dressing 
chisels.  This  principle  for  cutting  stone  may  also  be  brought  into 
action  by  rolling  a  circular  cutter,  under  heavy  pressure,  over  the 
surface  of  the  stone.  The  cutter  being  free  to  revolve,  so  as  to  relieve 
its  edge  from  slip,  presents  a  sharp  edge  to  the  stone  throughout  its 
whole  periphery.  A  very  hard  steel  cutter  may  thus  be  made  to  act 
upon  glass,  leaving  heavy  traces  to  mark  the  passage  of  the  tool. 

A  combination  of  the  two  methods  of  cutting  above  described, 
has  been  tried  for  cutting  stone  which  could  not  be  cut  by  the  first 
named  process.  Kear  the  eastern  portal  of  the  Hoosac  Tunnel,  in 
Massachusetts,  may  be  seen  a  hole  about  16  feet  deep,  horizontally, 
and  24  feet  in  diameter,  which  was  bored  into  the  solid  talcose  slate 
of  the  Hoosac  Mountain  by  an  immense  tunneling  machine  in  the 
earlier  days  of  the  present  Iloosac  Tunnel  enterprise.  The  surface 
of  the  rock,  as  left  by  this  remarkable  machine,  is  as  smooth  as 
though  dressed  to  an  even  cylindrical  surface  by  masons'  chisels. 
The  machine  which  did  this  work  was  provided  with  revolving 
cutters,  the  axes  of  which  were  set  diagonally  to  the  path  of  their 
motion,  so  that  the  cutting  was  due  partly  to  the  rolling  contact, 
and  partly  to  slip.  This  machine  was  unsuccessful,  as  is  shown  by 
the  fact  that  it  was  intended  to  bore  through  the  mountain,  but 
only  made  about  16  feet  advance  before  being  abandoned  on  ac- 
count of  the  expenditure  of  one  set  of  the  circular  cutters,  which 
were  very  costly.  A  tunneling  machine  was  tried  in  England 
which  cut  its  way  80  feet  into  rock,  but  was  not  regarded  as  suc- 
f-essful. 

At  Lemont,  111.,  may  be  seen  a  massive  planer,  constructed  of 
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iron,  on  which  immense  flagging  and  facing  stone  are  planed  to  a 
remarkable  degree  of  smoothness,  presenting,  in  fact,  almost  a  pol- 
ished surface.  The  stone  thus  treated  is  limestone,  from  the  mag- 
nesium limestone  beds  in  the  vicinity  of  Lemont,  from  which  many 
of  the  excellent  building  stone  of  the  city  of  Chicago  are  quarried. 
The  stone  to  be  dressed  is  purchased  at  the  quarries  by  A.  T.  Mer- 
riman  k  Co.,  planed,  and  sold  at  an  advanced  figure.  The  stone  is 
planed  in  a  manner  similar  to  that  of  planing  iron.  A  series  of 
cutting  tools  are  fixed,  imder  Avhich  the  stone  moves  to  and  fro  with 
a  great  degree  of  power  and  steadiness,  the  cutters  taking  off  shav- 
ing after  shaving  urftil  the  desired  quality  of  surface  is  obtained. 
The  edges  of  the  stone  are  also  squared  down,  and  grooved  to  re- 
ceive an  iron  tongue  to  break  joints,  and  cause  the  fronts  of  any 
two  or  more  consecutive  stones  to  lie  in  the  same  plane.  A  very 
slow  speed  is  required  to  plane  this  limestone  in  order  to  preserve 
the  cutting  edges  of  the  tools  for  any  considerable  length  of  time. 
This  limestone  is  quite  hard,  and  figures  among  the  strongest  of 
building  stone,  but  having  less  real  grit  than  many  other  kinds  of 
stone  is  still  susceptible  of  being  reduced  to  shavings  by  steel  tools 
and  skilful  management. 

Sandstone,  from  which  grindstones  are  produced,  being  very 
gritty,  can  best  be  turned  and  dressed  for  the  market  by  tools  which 
are  changed  into  various  positions  by  special  manipulation,  as  they 
are  ground  away,  so  that  a  sort  of  rude  cutting  edge  is  being  con- 
tinually formed  and  brought  to  bear  upon  the  the  grit.  This  method 
of  procedure  is  adopted  at  the  works  of  Barea,  Ohio. 

A  very  good  tool  for  renewing  the  surface  of  grindstones  by 
turning,  when  Avorn  by  use,  is  simpl}^  a  round  rod  of  soft  iron  about 
one-fourth  or  three-eights  of  an  inch  in  diameter.  Having  provided 
a  rest  as  near  to  the  revolving  stone  as  practical,  the  rod  may  be 
presented  nearly  perpendicular  to  its  face.  By  inclining  the  rod 
slightly  toward  the  part  which  is  uncut,  and  rolling  it  gradually  in 
the  same  direction  while  being  held  firmly,  the  stone  will  be  reduced 
by  a  cutting  edge,  or  rather  nearly  a  point,  which  has  a  breadth  of 
only  about  half  the  diameter  of  the  rod  in  contact  with  the  stone. 
A  similar  manipulation  may  be  adopted  with  any  very  gritty  ma- 
terial. 

University  of  Michigan,  July,  1S68. 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 

The  following  rules  and  data  iu  connection  with  belts  for  driv- 
ing macliinery,  form  part  of  a  collection  made  by  the  writer  for  his 
own  private  use,  and  are  here  giveu  as  a  condensed  exhibit  of  the 
results  derived  from  practical  mechanical  sources  in  the  more  acces- 
sible engineering  publications,  and  from  machinery  now  in  ope- 
ration in  this  city. 

The  deduction  of  a  simple  rule,  from  the  statements  giveu,  which 
shall  serve  the  needs  of  all  cases  in  practice,  may  neither  be  fair 
nor  easy,  yet  it  is  believed  that  a  relation  exists  between  the  quan- 
tity, or  properly  the  area  of  belt  in  motion  and  the  power  trans- 
mitted thereby,  when  under  certain  conditions,  which  might  be 
expressed  in  simple  terms,  and  answer  the  wants  of  usual  practice. 
The  reader  can  best  judge  for  himself  as  to  the  existence  of  sach  a 
relation  in  a  perusal  of  the  facts  which  follow. 

1.  The  width  of  a  certain  belt  is  18  inches,  speed  of  same  1500 
feet  per  minute,  angle  of  belt  with  horizon  45°,  distance  between 
centres  of  drums  25  feet,  diameter  of  driving  drum  8  feet,  of  driven 
drum  4  feet. 

"When  this  belt  transmitted  20  horse-power,  it  worked  quite  freely 
and  well,  when  the  power  was  increased  to  28  horse,  a  tightener  had 
to  be  applied,  which  caused  the  journals  of  the  driven  shaft  to 
"  heat." 

From  the  above  data  we  deduce  the  following  formula: 

"  -=  width  of  belt  in  inches. . 


Diam.  small  pulley  in  feet 

If  we  consider  this  belt  as  transmitting  22|  horse-power,  we  shall 
have  a  constant  travel  of  100  square  feet  of  belt  per  minute  per 
horse-power,  assuming  the  above  conditions. — Appleton's  Did.  of 
J\fech. 

2.  "An  8-inch  belt,  running  100  feet  per  minute,  will  give  one 
horse-power."  This  rule  is  equivalent  to  the  transmission  of  66f 
square  feet  of  belt  per  minute  per  horse-power. 

3.  An  old  rule  provides  100  square  feet  of  belt  per  minute  for 
every  horse-power,  and  we  have  heard  it  remarked  that  half  that 
amount  was  sufficient. 
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4.  "A  12-inch  belt,  running  on  a  5J-foot  pulley,  "making  45  revo- 
lutions per  minute,  will  carry  away  12  horse-power."  This  rule 
gives  64"8  square  feet  of  belt  per  minute  per  horse-power. 

5.  A  friend  gave  me  the  following : 

350  horse-power 
D  X  rev.  per  minute. 

In  which  w  =  width  of  belt  in  inches. 

D  =  diameter  of  pulley  in  feet. 
This  gives  a  strain  of  30  pounds  per  inch  of  width  of  belt  and 
91*63  square  feet  of  belt  transmitted  per  horse-power  per  minute. 

6.  "A  certain  11-inch  belt  daily  transmits  from  a  4  feet  pulley, 
running  60  revolutions  per  minute,  the  power  exerted  by  anil-inch 
cylinder,  30-inch  stroke,  making  45  revolutions  per  minute  under 
50  pounds  of  steam,  which,  at  the  usual  method  of  rating,  yields  29 
horse-power.  This  belt  runs  vertically  without  an  idler,  and  mea- 
sures 23*8  square  feet  per  minute  per  horse-power."- — Sci.  Amer., 
July,  1865,  page  4. 

7.  "An  empirical  rule  for  ascertaining  the  width  of  belts  that  we 
know  to  be  in  use  by  some  good  practical  men  is  as  follows :" 

31-4  N 

B=  J-. 

nd 

In  which  b  =^  width  of  belt,  thickness  taken  at  -j^g-inch. 
N  =  No.  horse-power. 
n^No.  revolutions  per  minute, 
c/^ diameter  of  pulley. — Lond.Mech.  Mag.^Mar.,  1863. 

8.  "Oar  engine  is  a  16-inch  cylinder,  24  inches  stroke,  running 
75  revolutions  per  minute  under  80  pounds  of  steam.  Belt  15 
inches  wide,  on  driving  pulley  8  feet  diameter,  driven  pulley  3  feet 
higher  than  the  engine  shaft,  and  24  feet  distant,  top  belt  '  slack,' 
no  tightener  used  and  belt  never  slips." 

"  We  drive  with  this  belt  3  *  runs '  of  stone  with  all  the  necessary 
machinery.  Engine  is  rated  at  60  horse-power." — W.  R.  G.  in  Sci. 
Amer.,  July,  1865,  page  36. 

This  is  39*27  square  feet  of  belt  per  minute  per  horse-power  at 
the  above  rating. 

9.  "  I  lately  put  up  a  belt  12  inches  wide,  having  a  velocity  of 
800  feet  per  minute  for  driving  a  pair  of  54-inch  wheat  buhrs,  140 
turns  per  minute.  I  calculate  the  power  at  12  horse.  The  belt 
works  beautifully.  This  belt  had  a  tightener  pressure  of  400  pounds, 
and  runs  horizontal." 
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"  We  used  to  put  lO-inch  belts  on  8-foot  fly-wheels,  of  engines 
which  we  sold  for  12  horse-power,  running  the  belts  at  1000  feet 
per  minute." — J.  W.  H.  in  Sci.  Amer.^  July,  1865,  page  53. 

These  examples  give  66|  and  694-1  square  feet  per  minute  per 
horse-power,  respectively. 

10.  "At  a  speed  of  1800  feet  per  minute  on  pullevs  over  36  inches 
diameter,  every  1  inch  wide  will  give  2  horse-power." 

This  equals  75  square  feet  per  minute  per  horse-power. 

11.  "The  old  rule  is  1  inch  wide  to  the  horse-power  at  1500 feet 
per  minute,"  which  is  125  square  feet  per  minute  per  horse-power. 

12.  A  certain  6-inch  X  12-inch  cylinder  horizontal  engine,  with 
plain  slide  valve,  arranged  to  cut  oft' at  gthsthe  stroke,  works  under 
80  pounds  of  steam,  has  a  7-inch  belt  on  a  4-foot  pulley  on  engine 
shaft  making  100  revolutions  per  minute,  and  drives  aoO-inch  pul- 
ley on  the  "  line  "  shaft  about  4  feet  above  the  cylinder. 

A  24-inch  pulley  on  the  other  end  of  this  "line,"  carrying  a  7- 
inch  belt,  with  a  "  half-twist,"  drove  a  10-inch  pulley  on  a  shaft 
about  18  feet  beneath  the  former. 

The  10-inch  pulley  shaft,  in  its  turn,  drove  a  certain  machine 
which  consumed  more  power  than  the  engine  was  capable  of  giving. 

The  result  was,  the  7-inch  belt  from  the  line  to  the  10-inch  pul- 
ley, would  continue  to  slip  even  when  very  tight  and  well  covered 
with  resin,  while  the  7-inch  belt  from  the  line  to  the  pulley  on  the 
engine  shaft  would  hold  firmly  to  its  pulleys  and  stop  the  engine. — 
Writer. 

13.  In  hoisting  the  materials  for  the  towers  of  the  Cincinnati  Bridge, 
Mr.  John  A.  Eoebling,  Esq.,  used  engines  of  10  inches  bore  and  20 
inches  stroke,  making  80  to  150  revolutions  per  minute,  and  work- 
ing under  a  steam  pressure,  ranging  from  60  to  80  pounds. 

The  power  of  these  engines  is  transmitted  by  a  9-inch  leather 
belt,  from  a  4-foot  iron  pulley  on  the  engine  shaft,  to  another  4-foot 
pulley  on  the  pinion  shaft.  This  pinion  is  14J  inches  diameter, 
and  drives  a  6-foot  spur-wheel,  on  the  shaft  of  this  latter  is  another 
14^-inch  pinion,  gearing  into  another  6-foot  spur-wheel  on  the  shaft 
of  which  is  secured  a  3-foot  drum.  This  drum  carries  a  U  inch 
diameter  wire  rope  connected  directly  to  the  loads  to  be  lifted. 

A  block,  weighing  8400  pounds,  can  be  raised  at  the  rate  of  50 
feet  per  minute,  by  pressing  the  tightener  down  so  that  the  belt 
laps  on  ^ths  of  the  circumference  of  the  4-foot  pulleys. 

With  a  load  of  10,200  pounds  the  belt  slips,  and  its  splicings  and 
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safety  are  endangered  by  too  severe  an  application  of  tlie  tightener 
■which  is  necessary  to  lift  this  "weight.  A  load  of  8000  pounds  may 
therefore  be  considered  a  fair  working  condition  of  the  belt,  which 
indeed  it  has  endured  nearly  three  seasons  without  failing. 

Blocks  weighing  8000  pounds  have  been  frequently  raised  150 
feet  high  in  two  and  a  half  minutes,  without  slippage  of  the  belt. 
This  speed  is  equal  to  60  feet  per  minute,  and  the  duty  performed 
is  equivalent  to  60  X  8000  =  -180,000  pounds  =  l-l-o-l  horse-power, 
speed  of  belt  being  1885  feet  per  minute. 

Quantity  of  belt  running  per  minute,  per  horse-power  =  9  7'232 
square  feet. — J.  A.  I^.  in  Sci.  Amer.^  July,  1865,  page  68. 

14.  From  Molesworth's  Pocket-Book  of  Engineering  Memoranda^ 

we  take  the  folltwing : 

V    =  velocity  of  belt  in  feet  per  minute. 

II  p  =  horse-power  (actual)  transmitted  by  belt;. 

33,000  H  p 
X    =  — . 

V 

s      =  strain  on  belt  in  pounds. 

w    ^  width  of  single  belting  {^^  inch  thick)  in  inches. 

s      =  X  -^ — . 

K 

s 

K  =  "09,  1'3  and  1"6  when  portion  of  driven  pulley  em- 
braced by  belt  =  '-lO,  '50  and  "60  of  the  circumfer- 
ence, respectively. 

For  double  belting  the  width  =  w  X  0-6. 

Approximate  rule  for  single  belting  j^g  inch  thick, 

/    \                   11*^0  H  r      ni  o  p    .  •     * 

(a.)  .  .  .  w=- — =  91§per  square  feet  per  mmute 

per  horse-power. 

"  The  formulas  above  apply  to  ordinary  cases,  but  are  inapplicable 
to  cases  in  which  very  small  pulleys  are  driven  at  very  high  velo- 
cities, as  in  some  wood  cutting  machines,  fans,  &c.  The  acting  area 
of  the  belt  on  the  circumference  of  the  driven  pulley  being  so  small 
that  either  great  tension  or  a  greater  breadth  than  that  determined 
by  the  formula  is  required  to  prevent  the  belt  from  slipping." 

(To  be  continued.) 
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LECTURE-NOTES  ON  PHYSICS. 


By  Prof.  Alfred  M.  Mayer,  Pn.D. 

(Continued  from  page  119). 

10.  Attraction,  11.  Rejmlsion. 

Attraction  exists  between  the  minute  parts  or  atoms  of  "bodies, 
and  tliey  would  continually  approach,  until  contact  supervened,  if 
they  were  not  kept  apart  by  an  equal  and  opposing  repulsion. 
These  molecular  attractions  and  repulsions  are  often  designated  as 
the  molecular  forces. 

The  phenomena  of  traction,  of  compression,  of  porosity,  and  of 
the  transmission  of  vibrations  through  all  kind  of  matter,  prove 
indirectly  that  bodies  are  formed  of  minute  parts  which  do  not 
touch,  but  are  kept  at  certain  distances  depending  on  the  intensity 
of  the  attractions  and  repulsions  subsisting  between  them;  while 
there  are  many  direct  proofs  of  the  above  statement  which  will  be 
given  further  on. 

All  masses  of  matter  mutually  attract  each  other  with  an  inten- 
sity directly  proportional  to  their  masses,  and  inversely  as  the 
squares  of  their  distances.  This  tendency  is  called  gravitation,  and 
is  common  to  all  matter.  This  is  shown  in  the  celebrated  experi- 
ment devised  by  the  Eev.  John  Michell,  and  generally  known  as 
the  Cavendish  experiment  for  determining  the  density  of  the  earth. 
Describe  this  apparatus. 

Electric  and  magnetic  attractions  and  rejmlsions  also  follow  the 
law  of  the  inverse  squares  of  the  distances. 

The  different  manifestations  of  attraction  and  repulsion  may  be 
thus  arranged : 

GRA\  ITATION,  Which  act  at  sensible  distances;  i.e. 

ELECTRICITY,  [     beyond  the  j'.th  of  an  inch, 

MAGNETISM,  J 

COHESION,  ] 

ADHESION,  I  Which  act  at  insensible  distances;  i.e. 

CAPILLARITY,  [      within  the  jj'j^lh  of  an  inch. 

CHEMICAL  AFFINITY,  J 
Vol.  LVI.— Third  Series.— No.  3.— September,  1868.  23 


178  Mechanics,  Physics,  and  Chemistry. 

Molecular  Attraction. 

Cohesion  designates  the  attraction  existing  between  the  minute 
parts  of  the  same  body ;  adhesion  the  attraction  between  the  parts 
of  dissimilar  bodies.  Sometimes  designated  respectively  as  homo- 
geneous and  heterogeneous  attraction. 

Experiments  on  Cohesion  of  solids. — Two  leaden  planes  pressed 
together,  cohere  with  a  force  of  forty  pounds  to  the  square  inch. 
Two  plates  of  glass  cohere  even  in  vacuo,  which  shows  that  the 
phenomenon  is  not  due  to  the  atmospheric  pressure.  The  intensity 
of  the  cohesion  in  this  experiment  is  proportional  to  the  surface, 
and  increases  with  the  time  of  contact.  In  plate  glass  manufacto- 
ries, mirror  glasses  sometimes  cohere  with  such  force,  from  having 
been  placed  on  each  other  without  intervening  paper,  that  it  is 
impossible  to  separate  them.  It  is  to  be  remarked  that  "in  the  above 
instances  only  a  comparatively  few  points  of  the  cohering  surfaces 
are  in  contact. 

"  There  is  a  precious  experiment  by  Mr.  Huyghens  in  No.  86  of 
the  Philosophical  Transactions.  A  piece  of  mirror  glass  being  laid 
on  the  table,  and  another,  to  which  a  handle  was  cemented  on  one 
surface,  being  gently  pressed  on  it,  with  a  little  of  a  sliding  motion, 
the  two  adhered,  and  the  one  lifted  the  other.  Lest  this  should  have 
been  produced  by  the  pressure  of  the  atmosphere,  Mr.  Huyghens 
repeated  the  experiment  in  an  exhausted  receiver,  with  the  same 
success. 

"  He  found  that  one  plate  carried  the  other,  although  they  were 
not  in  mathematical  contact,  but  had  a  very  sensible  distance  between 
them.  He  found  this  by  wrapping  round  one  of  the  plates  a  single 
fibre  of  silk  drawn  off  from  the  cocoon.  The  adhesion  was  vastly 
weaker  than  before,  but  still  sufficient  for  carrying  the  lower  plate. 
"  Here,  then,  is  a  most  evident  and  and  incontrovertible  example 
of  a  mutual  attraction  acting  at  a  distance.  Mr.  Huyghens  found 
that  if,  in  wrapping  the  fibre  round  the  glass,  he  made  it  cross  a  fibre 
already  wrapped  round  it,  there  was  no  sensible  attraction.  In  this 
case,  the  glasses  were  separated  by  a  distance  equal  to  twice  the 
diameter  of  a  fibre  of  silk. 

"  I  said  that  this  experiment  showed  that  it  was  not  the  attrac- 
tion of  gravitation  that  produced  the  cohesion.  I  have  repeated 
the  experiment  with  the  most  scrupulous  care,  measuring  the  dis- 
ance  of  the  glasses  (the  diameter  of  a  silk  fibre),  and  the  weight 
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supported.  I  find  tliis,  in  all  cases,  to  be  nearly  1-iJ  times  the  action 
of  gravity.  The  calculation  is  obvious  and  easy.  I  tried  it  in  dis- 
tances considerably  diflferent,  according  to  the  diameter  of  the  fibre. 
I  must  inform  the  person  who  would  derive  his  information  from 
his  own  experiments,  that  there  are  many  circumstances  to  be  at- 
tended to  which  are  not  obvious,  and  which  materially  affect  the 
result.  The  silk  fibres  are  not  round,  but  ver}^  flat,  one  diameter 
being  almost  double  of  the  other.  The  2400th  part  of  an  inch  may 
be  considered  as  the  average  smaller  diameter  of  a  fibre.  A  mas- 
nifying  glass  must  be  used,  and  great  patience  in  wrapping  the  fibre 
round  the  glass  so  that  it  may  not  be  twisted.  A  flaxen  fibre  is 
much  preferable,  when  gotten  single,  and  fine  enough,  for  it  is  a 
perfect  cylinder.  I  must  also  inform  him,  that  no  regularity  will 
be  had  in  experiments  with  bits  of  ordinary  mirror;  these  are 
neither  flat  enough,  nor  well  enough  polished.  We  must  employ 
the  square  pieces  which  are  made  and  finished  by  a  very  few  Lon- 
don artists  for  the  specula  of  the  best  Hadley's  [Godfrey's]  quadrants. 
These  must  be  most  carefully  cleaned  of  all  dust  or  damp.  Yet  this 
must  not  be  done  by  wiping  them  with  a  clean  cloth ;  this  infal- 
libly deranges  everything  by  rendering  the  plate  electric.  I  suc- 
ceeded best  by  keeping  them  in  a  glass  jar,  in  which  a  piece  of 
moist  cloth  was  lying,  but  not  touching  the  glasses.  When  wanted, 
the  glasses  are  taken  out  with  a  pair  of  tongs  and  held  a  little  while 
before  the  fire,  which  dissipates  the  damp  which  had  adhered  to 
them,  and  which  prevented  all  electricit3\  With  these  precautions, 
and  a  careful  measurement  of  the  diameter  of  the  silk  fibre,  the  ex- 
periments will  rarely  difier  among  themselves  one  part  in  ten. 

"  *  *  *  *  *  *  If  the  plates  have  been  hard 
pressed,  with  a  sliding  or  grinding  motion,  the  adhesion  is  then 
either  very  strong,  or  nothing  at  all ;  when  they  do  adhere,  it  seems 
to  be  another  stage  or  alternation  of  the  force,  as  will  be  explained 
by  and  by.  But  they  rarely  adhere,  owing  to  fragments  torn  oft' 
by  the  grinding.     The  glasses  will  be  scratched  by  it. 

"  I  thought  this  capital  experiment  worthy  of  a  very  minute  de- 
scription, it  being  that  which  gives  us  the  means  of  mathematical 
and  dynamical  treatment  in  the  greatest  perfection."  "J.  System  of 
Mechanical  Philosophy,  by  John  Kobison,  L.  L.  1).  Edited  by  Sir 
David  Brewster,  Edinburg:  printed  for  John  Murray,  London,  1822." 
Vol.  I.  page  240,  et  seq. 

Cohesion  in  solids  is  measured  by  the  force  in  pounds  avoirdu- 
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pois  required  to  tear  apart,  by  a  direct  pull,  a  rod  of  one  square 
inch  area  of  section.   This  measure  is  called  the  tenacity  of  a  body. 

Table  of  Tenacities  fkom  "Rankine's  Applied  Mechanics." 

Steel 115,(0;) 

Iron,  wire 95,t(X) 

"      •wire  ropes 90,000 

"      wrought  bars  and  bolts G5,000 

"      cast..... 16,500 

Copper,  wire 60,000 

«       cast 19,000 

Brass,  wire * 49,000 

"       cast 18,000 

Gun-metal  (copper  8,  tin  1) 30,000 

Zinc 7,500 

Tin,  cast 4,600 

Lead,  sheet , "  3,300 

Teak 18,000 

Ash 17,000 

Mahogany 10,200 

Locust : 16,010 

Oak,  European 14,000 

"      American  red 10,250 

Fir— red  pine 13,C00 

"      spruce 12,400 

"      larch 9,500 

Chestnut 12,000 

Beech 11,510 

Maple 10,600 

Hempen  cables 5,600 

Slate 11,200 

Glass 9,400 

Brick 290 

Mortar 50 

Cohesion  of  liquids  is  shown  in  the  force  required  to  separate  a 
disk  of  wood  from  a  liquid  which  wets  it ;  this  force  varies  with 
the  liquid,  requiring  52  grains  per  square  inch  to  separate  the  disk 
from  water;  31  grains  for  oil  of  turpentine;  28  grains  for  alcohol. 
These  experiments,  however,  as  will  be  seen  below,  give  only  the 
relative  cohesion. 

Prof.  Joseph  Henry,  in  a  valuable  contribution  to  molecular 
physics,  published  in  the  Proceedings  of  the  American  Philoso- 
phical Society  for  April,  1844,  showed  that  the  molecular  at- 
traction of  water  for  water,  instead  of  being  only  about  fifty-two 
grains  to  the  square  inch,  is  really  several  hundred  pounds,  and  is 
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probably  equal  to  that  of  the  attraction  of  ice  for  ice.  The  follow- 
ing are  extracts  from-  Dr.  Henry's  paper : 

"  The  passage  of  a  body  from  a  solid  to  a  liquid  state  is  generallv 
attributed  to  the  neutralization  of  the  attraction  of  cohesion  by  the 
repulsion  of  the  increased  quantity  of  heat;  the  liquid  being  sup- 
posed to  retain  a  small  portion  of  its  original  attraction,  which  is 
shown  by  the  force  necessary  to  separate  a  surface  of  water  from 
water,  in  the  well  known  experiment  of  a  plate  suspended  from  a 
scale  beam  over  a  vessel  of  the  liquid.  It  is,  however,  more  in 
accordance  with  all  the  phenomena  of  cohesion  to  suppose,  instead 
of  the  attraction  of  the  liquid  being  neutralized  by  the  heat,  that 
the  effect  of  this  agent  is  merely  to  neutralize  the  polarity  of  the 
molecules  so  as  to  give  them  perfect  freedom  of  motion  around 
every  imaginable  axis.  The  small  amount  of  cohesion  (52  grains 
to  the  square  inch),  exhibited  in  the  foregoing  experiment,  is  due, 
according  to  the  theory  of  capillarity  of  Young  and  Poisson,  to  the 
tension  of  the  exterior  film  of  the  surface  of  water  drawn  up  by 
the  elevation  of  the  plate.  This  film  gives  way  first,  and  the  strain 
is  thrown  on  an  inner  film,  which,  in  turn,  is  ruptured;  and  so  on 
until  the  plate  is  entirely  separated ;  the  whole  effect  being  similar 
to  tearing  the  water  apart  atom  by  atom. 

"  Reflecting  on  the  subject,  the  author  has  thought  that  a  more 
correct  idea  of  the  magnitude  of  the  molecular  attraction  might  be 
obtained  by  studying  the  tenacity  of  a  more  viscid  liquid  than  water. 
For  this  purpose,  he  had  recourse  to  soap  water,  and  attempted  to 
measure  the  tenacity  of  this  liquid  by  means  of  weighing  the 
quantity  of  water  which  adhered  to  a  bubble  of  this  substance  just 
before  it  burst,  and  by  determining  the  thickness  of  the  film  from 
an  observation  of  the  color  it  exhibited  in  comparison  with  New- 
ton's scale  of  thin  plates.  Although  experiments  of  this  kind 
could  only  furnish  approximate  results,  yet  they  showed  that  the 
molecular  attraction  of  water  for  water,  instead  of  being  only  about 
52  grains  to  the  square  inch,  is  really  several  hundred  pounds,  and 
is  probably  equal  to  that  of  the  attraction  of  ice  for  ice.  The  effect 
of  dissolving  the  soap  in  the  water,  is  not,  as  might  at  first  appear, 
to  increase  the  molecular  attraction,  but  to  diminish  the  mobility 
of  the  molecules,  and  thus  render  the  liquid  more  viscid, 

"  According  to  the  theory  of  Young  and  Poisson,  many  of  the 
phenomena  of  liquid  cohesion,  and  all  those  of  capillarity,  are  due 
to  a  contractile  force  existing  at  the  free  surface  of  the  liquid,  and 
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whicli  tends  in  all  cases  to  urge  the  liquid  in  the -direction  of  the 
radius  of  curvature  towards  the  centre,  with  a  force  inversely  as 
this  radius.  [The  explanation  of  the  existence  of  this  contractile 
force  will  be  given  in  the  next  section  of  the  Notes,  which  con- 
siders Capillarity.] 

"  According  to  this  theory,  the  spherical  form  of  a  dew-drop  is 
not  the  effect  of  the  attraction  of  each  molecule  of  the  water  on 
every  other,  as  in  the  action  of  gravitation  in  producing  the  globu- 
lar form  of  the  planets  (since  the  attraction  of  cohesion  only  extends 
to  an  appreciable  distance),  but  it  is  due  to  the  contractile  force 
which  tends  constantly  to  enclose  the  given  quantity  of  water  within 
the  smallest  surface,  namely,  that  of  a  sphere.  The  author  finds  a 
contractile  force  similar  to  that  assumed  by  this  theory,  in  the  sur- 
face of  the  soap-bubble ;  indeed,  the  bubble  may  be  considered  a 
drop  of  water  with  the  internal  liquid  removed,  and  its  place  sup- 
plied by  air.  The  spherical  form  in  the  two  cases  is  produced  by 
the  operations  of  the  same  cause.  The  contractile  force  in  the  sur- 
face of  the  bubble  is  easily  shown  by  blowing  a  large  bubble  on 
the  end  of  a  wide  tube,  say  au  inch  in  diameter ;  as  soon  as  the 
mouth  is  removed,  the  bubble  will  be  seen  to  diminish  rapidly,  and 
at  the  same  time  quite  a  forcible  current  of  air  will  be  blown 
through  the  tube  against  the  face.  This  effect  is  not  due  to  the 
ascent  of  the  heated  air  from  the  lungs,  with  which  the  bubble  was 
inflated,  for  the  same  effect  is  produced  by  inflating  with  cold  air, 
and  also  when  the  bubble  is  held  perpendicularly  above  the  face,  so 
that  the  current  is  downwards. 

"  Many  experiments  were  made  to  determine  the  amount  of  this 
force,  by  blowing  a  bubble  on  the  larger  end  of  a  glass  tube  in  the 
form  of  a  letter  U,  and  partially  filled  with  water;  the  contractile 
force  of  the  bubble,  transmitted  through  the  enclosed  air,  forced 
down  the  water  in  the  larger  leg  of  the  tube,  and  caused  it  to  rise 
in  the  smaller.  The  difference  of  level  observed  by  means  of  a 
microscope,  gave  the  force  in  grains  per  square  inch,  derived  from 
the  known  pressure  of  a  given  height  of  water.  The  thickness  of 
the  film  of  soap-water  which  formed  the  envelope  of  the  bubble, 
was  estimated  as  before,  by  the  color  exhibited  just  before  burst- 
ing. The  results  of  these  experiments  agree  with  those  of  weigh- 
ing the  bubble,  in  giving  a  great  intensity  to  the  molecular  attrac- 
tion of  the  liquid ;  equal  at  least  to  several  hundred  pounds  to  the 
square  inch.   Several  other  methods  were  employed  to  measure  the 
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tenacity  of  the  film,  tlie  general  results  of  which  were  the  same ; 
the  numerical  details  of  these  are  reserved,  however,  until  the  ex- 
periments can  be  repeated  with  a  more  delicate  balance. 

*'  The  comparative  cohesion  of  pure  water  and  soap- water  was 
determined  by  the  weight  necessary  to  detach  the  same  plate  from 
each ;  and  in  all  cases  the  pure  water  was  found  to  exhibit  nearly 
double  the  tenacity  of  the  soap- water.  The  want  of  permanency 
in  the  bubble  of  pure  water  is  therefore  not  due  to  feeble  attrac- 
tion, but  to  the  perfect  mobility  of  the  molecules,  which  causes  the 
equilibrium,  as  in  the  case  of  the  arch,  without  friction  of  parts,  to 
be  destroyed  by  the  slightest  extraneous  force." 

The  above  investigation  of  Dr.  Henry  will  be  referred  to  again 
under  the  head  of  Capillarity. 

Gases. — Between  the  molecules  of  the  same  gas  repulsion  exists, 
but  a  slight  attraction  appears  to  prevail  between  the  molecules  of 
different  gases. 

Adhesioyi. — Of  solids  to  solids. — Plating  of  metals.  Gold  leaf  stamped 
on  metals.  "It  is  known  that  if  two  pieces  of  metal  are  scraped 
very  clean,  a  severe  blow  will  make  them  to  cohere  so  as  to  be  in- 
separable. It  is  thus  that  flowers  of  gold  and  silver  are  fixed  on 
steel  and  other  metals.  The  steel  is  first  scraped  clean,  and  a  thin 
bit  of  gold  or  silver  is  laid  on  it,  and  then  the  die  is  applied  by  a 
strong  blow  with  a  hammer.  It  is  remarkable  that  they  will  not 
adhere  with  such  firmness,  if  they  adhere  at  all,  when  the  surfaces 
have  been  polished  in  the  usual  way,  with  fine  powders,  &c.  This 
is  always  done  with  the  help  of  greasy  matters.  Some  of  this  pro- 
bably remains,  and  prevents  that  specific  action  that  is  necessary. 
I  am  disposed  to  think  that  the  scraping  of  the  surfaces  also  ope- 
rates in  another  way,  viz :  by  filling  the  surAice  with  scratches, 
that  is,  ridges  and  furrows.  These  allow  the  air  to  escape  as  the 
pieces  come  together  by  the  blow.  If  the  mere  blow  were  sufficient, 
a  coin  would  adhere  fast  to  the  die.  But,  in  coining,  the  flat  face 
of  the  die  first  closes  with  the  piece  of  metal,  and  elYectually  con- 
fines the  air  which  fills  the  hollow  that  is  to  form  the  relief  of  the 
coin.  This  air  must  be  compressed  to  a  prodigious  degree,  and  in 
this  state,  it  is  still  between  the  die  and  the  coin.  "We  may  say  that 
the  impression  on  the  coin  is  really  formed  by  this  included  air ; 
for  the  metal  in  this  part  of  the  coin  is  never  in  contact  Avith  the 
die.  I  know  of  two  cases,  which  greatly  confirm  this  conjecture. 
The  dies  chanced  to  crack  in  the  highest  part  of  the  relief,  and  af^er 
this  were  thrown  aside  (although  in  one,  for  a  common  die,  the  crack 
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was  quite  insignificant),  because  the  coin  could  seldom  be  parted 
from  them." — {^Rohison^ 

When  bladder  is  dried  on  glass,  the  adhesion  is  so -great  that  it 
cannot  be  torn  ofi' without  bringing  with  it  some  of  the  glass. 

Of  solids  to  liquids. — A  rapidly  issuing  jet  of  water  is  deflected 
from  its  course  by  touching  a  glass  rod, — Experiments  quoted  above, 
on  relative  cohesion. 

Of  liquids  to  liquids. — Oil  and  spirits  of  turpentine  spread  over 
the  surface  of  water. 

Of  gases  to  solids. — Air  and  vapor  of  water  adhere  with  consider- 
able force  to  the  surface  of  glass.  This  shown  by  placing  a  beaker 
of  water  under  the  receiver  of  an  air  pump,  when  bubbles  of  air, 
previously  coating  as  a  film  the  surface  of  the  glass,  collect  on  its 
surface.  That  vapor  of  water  also  coats  with  a  film  the  glass,  is 
known  from  the  increase  in  weight  of  a  dry  light  glass  v.essel,  when 
exposed  to  a  damp  atmosphere. — The  action  of  clean  platinum  and 
gold  in  condensing  gases  on  their  surfaces. — Charcoal  absorbs  98 
times  its  volume  of  ammonia,  and  14  volumes  of  carbonic  acid  gas. 
As  ammonia  is  condensed  into  a  liquid  by  a  pressure  of  seven  at- 
mospheres, at  a  temperature  of  60°  F.,  it  follows  that  the  absorbed 
gas  must  exist  in  the  liquid  state  in  the  interstices  of  the  charcoal. 
Gold  leaf  will  not  sink  in  water  from  the  air  condensed  on  its  surface. 

Of  gases  to  liquids. — Air  and  all  gas  absorbed  by  water.  Oxygen 
gas  absorbed  from  the  air  by  melted  silver. 

Of  gases  to  gases. — In  the  diffusion  of  gases,  one  gas  acts  as  a 
vacuum  to  another.  Yapor  diffuses  in  space  containing  a  gas,  until 
the  same  tension  is  produced  as  would  have  been  acquired  by  the 
same  vapor  evaporating  from  its  liquid  in  a  vacuum. 

Molecular  Repulsion. 

"When  the  convex  surface  of  a  plano-convex  lens,  of  a  radius  of 
curvature  of  20  feet  or  more,  is  pressed  upon  a  plate  of  glass,  a 
system  of  concentric  colored  rings  are  observed.  These  rings  are 
produced  by  the  interference  of  certain  of  the  rays  of  light  reflected 
from  the  under  surface  of  the  lens  with  those  reflected  from  the 
upper  surface  of  the  glass  plate.  By  knowing  the  diameter  of  any 
ring,  and  the  radius  of  curvature  of  the  lens,  we  can  calculate  the 
distance  between  the  convex  surface  and  the  glass  plate  correspond- 
ing to  the  ring.  Newton  thus  found  that  the  distance  at  each  ring 
exceeded  the  distance  of  the  ring  immediately  within  it  by  the 
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Now,  unless  tlie  lens  be  heavy,  or  pressed  against  the  glass  plate, 
no  colored  spot  appears  in  the  centre,  and  it  can  be  shown  that  the 
glasses  are,  in  this  case,  not  in  contact,  but  distant  from  each  other 
at  least  4  4'5oth  of  au  inch,  and  at  this  distance  reposes  the  upper 
glass,  kept  from  the  plate  by  a  repulsion  existing  between  them. 

By  forcing  the  glasses  nearer  together,  we  at  length  produce  a 
hlach  spot  at  the  centre  of  the  ring  system,  and  Prof.  Robison  found 
that  "  a  very  considerable  force  is  necessary  for  producing  the  black 
spot,  A  greater  pressure  makes  it  broader,  and  in  all  probability 
this  is  partly  by  the  mutual  yielding  of  the  glasses.  I  found  that 
before  a  spot,  whose  surface  is  a  square  inch,  can  be  produced,  a 
force  exceeding  1,000  pounds  must  be  employed.  When  the  ex- 
periment is  made  with  thin  glasses,  they  are  often  broken  before 
any  black  spot  is  produced. 

"  What  is  it  that  we  properly,  and  without  any  figure  of  speech, 
call  a  pressure  ?  It  is  something  that  we  are  informed  of  solely  by 
our  sense  of  touch.  What  do  we  feel  by  means  of  this  sense,  when 
the  upper  lens  lies  in  our  hand  ?  It  is  not  the  matter  of  this  lens, 
for  we  now  see  that  there  is  some  measurable  distance  between  the 
lens  and  the  hand  ;  it  is  this  repulsion.  Give  a  blind  man  a  strong 
magnet  in  his  hand,  and  let  another  person  approach  the  north  pole 
of  a  similar  magnet  to  its  north  pole.  The  blind  man  will  think 
that  the  other  has  pushed  away  the  magnet  he  holds  in  his  hand 
with  something  that  is  soft. 

"There  is,  therefore,  an  essential diflference between  malheinalical 
and  physical  contact ;  between  the  absolute  annihilation  of  distance 
and  the  actual  pressure  of  adjoining  bodies.  We  must  grant  that 
two  pieces  of  glass  are  not  in  mathematical  contact  till  they  are  ex- 
erting a  mutual  pressure  not  less  than  1,000  pounds  per  inch.  For 
we  must  not  conclude  that  they  are  in  contact  till  the  black  spot 
appears ;  and  even  then  we  dare  not  positively  aflirm  it.  ^Nfy  own 
decided  opinion  is,  that  the  glasses  not  only  are  not  in  matliemati- 
cal  contact  in  the  black  spot,  but  the  distance  between  thera  is 
vastly  greater  than  the  89,000th  part  of  an  inch,  the  difference  of 

the  distances  at  two  successive  ri)i<'s. 

*  *  *  ■■:  -x-  *  •;<■ 

"  While  gravity  produces  sensible  effects  at  tlie  utmost  bomidary 
of  the  solar  system,  these  [attractions  and  repulsion.s]  seem  limited 
in  their  exertion  to  a  small  fraction  of  an  inch,  perhaps  not  exceed- 
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ing  2o'(j^tli  part  in  any  instance ;  and  in  this  naTrow  bounds  we 
observe  great  diversity  in  the  intensity,  although  we  have  not  yet 
been  able  to  ascertain  the  law  of  variation.  What  is  of  peculiar 
moment,  we  have  seen  that  those  corpuscular  forces  even  change 
their  kind  by  a  change  of  distance,  producing  at  one  distance,  the 
mutual  approach,  and  at  another  distance  the  mutual  separation  of 
the  acting  corpuscles,  from  being  attractive,  becoming  repulsive. 

"  Physical  contact,  or  pressure,  becomes  sensible  at  the  distance  of 
the  5000th  part  of  an  inch  nearly,  and  decreases  much  faster  than  in 
the  inverse  duplicate  ratio  of  the  distances.  I  could  infer  this  from 
ray  experiments  with  the  glasses  with  great  confidence,  although  I 
could  not  assign  the  precise  law."  RohisoviS  Mechanical  Philosophy, 
Vol  I.  p.  250,  et  seq. 

All  bodies  expand  when  relieved  of  pressure,  and  this  expansion 
is  caused  by  the  mutual  repulsion  of  their  atoms. 

A  dew  drop  does  not  touch  the  leaf  above  which  it  reposes,  but 
is  held  at  a  certain  distance  by  repulsion.  Certain  insects  walk  on 
water,  which  is  repelled  by  their  feet,  so  that  each  foot  rests  in  a 
pit.  A  needle  floats  on  the  surface  of  water,  in  which  it  forms  a 
trough  in  which  it  rests. 

Prof.  Baden  Powell  has  shown  {Phil  Trans.  1834,  p.  485),  that 
the  colored  rings  known  as  Newton's  rings,  change  their  breadth 
and  position  in  such  a  manner,  when  the  glasses  which  produce 
them  are  heated,  that  he  inferred  that  the  glasses  repelled  each 
other. 

"  The  distaiicent  which  the  repulsive  power  can  act,  is  shown  by 
these  experiments  to  extend  beyond  that  at  which  the  most  extreme 
visible  order  of  Newton's  tints  is  formed.  But  I  have  also  re- 
peated the  experiment  successfully  with  the  colors  formed  under 
the  base  of  a  prism  placed  upon  a  lens  of  a  very  small  convexity ; 
and  according  to  the  analysis  of  these  colors  given  by  Sir  John 
Herschel,  the  distance  is  here  about  the  1100th  of  an  inch." 

Very  finely  divided  solids,  such  as  elutriated  silica  and  wood- 
ashes  will,  when  rendered  incandescent,  flow  like  liquids  about  the 
capsule  which  contains  them ;  while  it  can  be  directly  shown  that 
a  sensible  distance  exists  between  a  layer  of  these  powders  and  a 
heated  plate  on  which  it  rests. 

(To  be  continued.) 
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A  NEW  FORM  OF  WAVE  APPARATUS. 

By  Prof.  C.  S.  Ly.max. 

[We  find  in  a  late  number  of  SilUman^s  Journal  a  full  descrip- 
tion of  the  above,  wbich  is  undoubtedly  the  most  admirable  piece 
of  mechanism  for  the  illustration  of  inter-molecular  motions  (such 
as  those  concerned  in  the  propagation  of  waves),  that  has  ever  been 
devised.  The  beauty  and  admirable  completeness  as  an  illustration, 
of  this  apparatus,  can  only  be  appreciated  by  actual  inspection  of 
its  operation.  No  description  can  convey  an  idea  of  the  manner  in 
■which  is  revealed  the  complex,  flexible,  and  yet  regular  motions  of 
the  interior  particles  of  the  fluid  among  themselves. — Ed.] 

The  theory  of  waves  that  has  been  generally  taught  since  the 
days  of  Newton,  is  that  which  represents  wave  motion  as  consist- 
ing in  the  alternate  rising  and  falling  of  the  parts  of  a  liquid  in 
vertical  lines,  as  in  the  two  branches  of  a  U-shaped  tube;  this  is 
usually  cited  as  Newton's  theory  of  waves.  There  is  to  be  found, 
indeed,  in  the  Principia,  the  hypothesis  of  vertical  oscillations,  and 
also  the  cut  of  the  bent  tube,  so  persistently  copied  by  subsequent 
writers;  yet  it  is  evident  that  Newton  adopted  the  hypothesis,  rather 
as  an  expedient  for  a  special  purpose — that  of  finding  approximately 
the  relation  of  a  wave's  length  to  its  period — than  as  strictly  true 
to  nature ;  for  he  concludes  his  investigation  with  the  remark : — 
"These  things  are  true,  upon  the  supposition  that  the  parts  of  water 
ascend  or  descend  in  a  right  line;  but,  in  truth,  that  ascent  and 
descent  is  rather  performed  in  a  circle  {^vcrius  fit  per  circulum^)\ 
and  therefore  I  propose  the  time  defined  by  this  proposition  as  only 
near  the  truth."  This  important  qualifying  clause  seems  to  have 
been  quite  overlooked  by  those  who  have  professed  to  give  New- 
ton's theory  of  waves. 

The  modern  theory — which  teaches  that,  in  wave  motion,  all  the 
particles  of  a  liquid  are  revolving  synchronously  in  vertical  circles 
— though  so  broadly  hinted  at  by  Newton  himself  as  the  true  one, 
in  the  words  italicised  above,  has  nevertheless  been  developed,  for 
tlie  most  part,  only  within  the  present  century.  It  was  first  clearly 
rated  and  ably  advocated  by  Gerstner  in  180-i.  More  recently,  it 
lias  been  satisfactorily  established  as  accordant  with  observed  facts 
and  the  laws  of  Mechanics,  by  the  experimental  researches  of  Weber 
and  Scott  Russell,  and  the  mathematical  investigations  of  Stokes, 
liankine,  and  others.  A  concise  exposition  and  demonstration  of 
ilie  theory  may  be  found  in  a  paper  by  Prof.  Rankine,  in  the  Philo- 
sophical Transactions  for  18(53.  Though  but  just  beginning  to  find 
iis  way  sparingly  into  the  text  books,  it  has  become  the  generally 
accepted  theory  among  men  of  science ;  and  having  in  reality  sup- 
planted the  old  hypothesis  as  an  expression  of  scientific  truth,  there 
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is  no  good  reason  wlij  it  should  not  also  supplant  it,  in  tlie  lecture 
and  recitation  room. 

In  teaching  this  theory,  however,  it  is  often  found  difficult  to 
make  pupils  understand,  how  the  infinitude  of  simultaneous  revo- 
lutions which  it  supposes  can  take  place  without  mutual  interfer- 
ence, and  in  such  a  way  as  to  produce  the  observed  phenomena.  It 
was  to  obviate  this  difficulty,  and  illustrate,  as  far  as  practicable, 
the  modus  operandi  in  question,  that  the  piece  of  mechanism  was 
devised,  which  is  the  subject  of  this  article.  It  presents  to  the  eye 
not  merely  the  surface  contour  of  a  wave,  with  its  undulatory 
motion — which,  to  some  extent,  other  forms  of  wave  apparatus  also 
do — but,  besides  doing  this  in  a  more  exact  and  satisfactory  man- 
ner, it  exhibits  the  motions  also  that  are  at  the  same  time  taking 
place  below  the  surface,  in  the  whole  mass  of  liquid  affected.  This 
completeness  of  illustration  is  due  to  the  circumstance,  that  in  the 
apparatus,  the  elementary  motions  are  the  same,  essentially,  as  in 
actual  waves;  hence,  the  leading  points,  geometrical  and  dynamical, 
of  the  theory  of  waves,  are  presented  naturally,  and  in  their  true 
relations. 

The  construction  of  the  apparatus  will  be  readily  understood 
from  a  brief  description,  and  the  accompanying  cut. 


In  front  of  a  plane  surface  are  two  series  of  revolving  arms  or 
cranks,  the  length  of  the  lower  ones  being  half  that  of  the  upper. 
Two  elastic  wires  connect  the  crank-pins  of  each  series;  upright 
wires  also  connect  each  pair  of  cranks,  and  pass  down  through  a 
plate  into  the  base.  The  cranks  all  revolve  synchronously ;  they 
thus  keep  their  relative  position,  and  come  into  any  given  position 
successively,  each  in  its  turn.  The  relative  position  of  the  cranks 
of  each  horizontal  series  is  such,  that  the  directions  of  any  two,  in 
regular  order,  differ  by  the  same  fraction  of  a  whole  revolution, 
that  the  distance  between  their  axes  is  of  a  whole  wave  length. 
Thus,  in  the  apparatus,  the  wave  length  is  supposed  to  be  divided 
into  eight  equal  parts,  and  hence  the  common  difference  between 
the  directions  of  adjacent  crank  arms  is  one-eighth  of  a  circle,  as 
shown  in  the  figure.     The  cranks  in  each  vertical  set  have  their 
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positions  always  alike.  The  number  of  cranks,  whether  taken 
horizontally  or  vertically,  is  arbitrary — a  matter  of  convenience  in 
construction.  The  synchronous  revolution  of  the  cranks  is  effected 
by  means  of  any  suitable  mechanism  ;  such  as  equal  toothed  wheels 
on  the  several  axes,  with  alternate  idle  wheels  connecting  them ; 
or,  equal  rag-wheels,  with  endless  chain,  or  metallic  ribbon;  or, 
equal  cranks,  with  a  rigid  connecting  frame  or  plate.  The  first 
method  is  used  in  the  original  machine,  the  third  in  the  model  for 
the  Patent  Ofl&ce,  the  second  and  third  in  the  larger  and  smaller 
sizes,  respectively,  for  the  market. 

The  crank-pins  represent  as  many  liquid  particles ;  the  circles 
on  the  background  their  orbits.  The  transverse  wires  represent 
continuous  lines  of  particles,  Avhich  at  rest  would  be  horizontal, 
and  be  represented  by  the  lines  on  the  background  drawn  just 
below  the  centres  of  the  orbits;  the  upper  one  of  these  being  the 
surface  line,  the  lower  a  line  of  particles  one-ninth  of  a  wave's 
length  down.  The  upright  wires  represent  lines  of  particles  which 
at  rest  would  be  vertical.  Every  point  in  these  moving  lines  de- 
scribes its  own  distinct  orbit. 

The  apparatus  is  constructed  to  a  scale ;  and  so,  represents  a  Avave 
of  given  length,  height  and  period ;  but  equally  represents  also,  a 
wave  of  any  other  length  and  proportionate  height,  though  of  period 
proper  to  its  length,  according  to  the  law  of  that  relation,  as  stated 
farther  on.  In  the  original  instrument,  for  example,  the  wave  length 
it  36  inches;  height,  from  trough  to  crest,  4  inches;  and  period,  for 
that  length,  O^^'TG;  but  it  equally  represents  a  wave  whose  length  is 
86  feet  and  height  4  feet,  with  period  2"63 ;  and  similarly,  for  other 
proportional  dimensions. 

Among  the  particular  points,  in  wave  phenomena,  which  are 
elucidated  by  this  apparatus,  may  be  enumerated  the  following: 

1.  The  undulating  surf  ace-pro  file.  This  is  shown  in  the  motion 
of  the  upper  flexible  wire,  which  presents  a  continuous  contour  line, 
of  the  exact  curvature,  throughout,  of  a  true  normal  wave;  instead 
of  a  broken  contour,  of  arbitrary  form,  by  means  of  rising  and  fall- 
ing balls,  as  in  the  ordinary  wave  apparatus. 

2.  The  undulatory  motion  of  all  stib-profdes,  or  lines  of  equal  pres- 
sure, down  to  still  water.  The  representative  of  such  lines  is  the  lower 
transverse  wire,  which  moves  similarly  to  the  upper  one,  but  with 
a  less  curvature.  Every  such  line  of  equal  pressure  is  a  continu- 
ous one,  composed  of  particles  in  a  state  of  dynamical  equilibrium, 
and  constituting  an  ideal  moving  wave,  exactly  as  if  at  the  surface 
— the  corresponding  phases  of  all  such  waves  being  on  vertical 
lines. 

3.  The  genesis  of  the  undulatory  motion  from  the  circular  motion  of 
revolution.  This  is  seen  in  the  mode  in  Avhich  the  crank-pins,  in 
each  transverse  series,  or  the  particles  which  they  represent,  come 
in  regular  succession  into  a  given  position,  as  they  revolve  synchro- 
nously in  their  orbits. 
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4.  The  equality  of  the  height  of  a  wave,  from  trough  to  crest,  with 
the  diameter  of  the  orbits  of  the  surface  particles.  This  is  obvious  in 
the  apparatus,  and  follows  directly  from  the  mode  in  which  the  wave 
surface  is  generated. 

5.  The  direction  of  motion  of  particles  of  water  in  the  different 
phases  of  a  wave.  A  glance  at  the  motion  of  the  crank-pins,  shows 
that  a  particle  at  the  wave's  crest  is  moving  forward,  or  in  the  direc- 
tion in  which  the  wave  is  propagated,  and  a  particle  at  the  trough 
in  the  reverse  direction,  or  backward;  that  a  particle  on  the  for- 
ward slope  is  rising,  and  one  on  the  back  slope  descending.  The 
same  is  true  of  particles  in  all  the  sub-waves,  or  surfaces  of  equal 
pressure,  down  to  still  water. 

6.  The  length  of  a^pendulum  keeping  time  with  the  wave.  This  is 
equal  to  the  radius  of  a  circle  whose  circumference  is  the  wave's 
length.  Such  a  circle  is  the  large  one  drawn  on  the  back-ground, 
as  shown  in  the  figure.  Its  radius  is  to  that  of  a  particle's  orbit  (or 
length  of  a  crank-arm),  as  the  particle's  weight  is  to  its  centrifugal 
force.  Or,  putting  E  and  r  for  these  radii  respectively,  and  t  for 
the  time  of  revolution,  we  make 

4n-r 


B,:r::g.      . 


Whence 


which  is  the  period  of  a  revolving  pendulum,  or  the  time  of  a  double 
oscillation  of  a  simple  pendulum,  whose  height  is  R.    Compare  (10). 

7.  The  dependence  of  a  wavers  period  on  its  length  alone — not  on  its 
height.  This  is  a  corollary  from  the  preceding.  The  period  varies 
as  the  square  root  of  the  length,  and  is  the  same  for  all  sub- waves, 
as  for  the  surface-wave — the  length  being  the  same  for  all.  The 
height,  within  certain  limits,  is  independent  of  the  length,  as  ap- 
pears in  the  apparatus,  and  as  may  be  inferred  from  the  formulae 
given  farther  on.  It  depends  on  the  centrifugal  force  of  the  parti- 
cle, and  this,  ultimately,  on  the  external  forces  generating  it. 

8.  The  varying  direction  and  intensity  of  the  resultant  force  acting 
at  each  instant  on  a  given  particle  in  a  ivave.  The  component  forces 
are  two — the  particle's  gravity,  and  its  centrifugal  force.  The 
former  is  represented  by  the  vertical  radius  of  the  large  circle,  the 
latter  by  the  radius  vector  of  the  revolving  particle  ;  their  result- 
ant, then,  is  represented  by  the  third  side  of  the  triangle  of  forces, 
or  the  side  formed  by  the  wire  pendulum.  This  resultant  must  be 
always  normal  to  the  wave  surface,  as  the  wire  pendulum  is  seen  to 
be  always  at  right  angles  to  the  elastic  wire  representing  that  surface. 

9.  IVie  condition  of  a  ivave^s  rupture  at  the  crest.  When  the  cen- 
trifugal force  becomes  equal  to  gravity  (or  the  radius  of  the  orbit 
to  that  of  the  large  circle),  the  resultant  force,  for  a  particle  at  the 
highest  point  of  its  orbit,  or  crest  of  the  wave,  must  be  zero,  and 
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the  particle  consequently  fly  from  its  orbit,  or  the  crest  break  in 
foam. 

10.  The  irochoidal  form  of  the  wave  curve.  The  point  of  suspen- 
sion of  the  pendulum,  that  is,  the  upper  extremity  of  the  vertical 
radius  of  the  large  circle,  may  be  regarded  as  the  instantaneous 
centre  about  which  an  element  of  the  "wave  curve  at  the  point  of 
normalcy  of  the  pendulum  is  described.  Consequently,  if  this 
circle  be  rolled  under  a  horizontal  straight  line,  a  point  "witbin  it 
distant  half  the  weight  of  a  wave  from  the  centre,  will  trace  the 
wave  profile;  which,  therefore,  is  a  trochoid.  The  rolling  circle  is 
the  same  for  all  wave  profiles,  down  to  still  water,  the  lengths  of 
the  tracing  arm  only  difl'ering.  The  circumference  of  this  circle 
equals,  of  course,  the  wave's  length. 

11.  The  greater  sharp7ie3S  of  the  crests  than  of  the  troughs  of  waves. 
This  follows  from  the  preceding,  and  is  shown  in  the  relative  posi- 
tions of  the  crank-pins — nearer  together  at  the  crests,  farther  apart 
in  the  troughs.  The  trochoids  become,  necessarily,  sharper  at  the 
upper  bend,  and  less  so  at  the  lower,  as  the  tracing  arm  approaches 
to  an  equality  with  the  radius  of  the  rolling  circle;  imtil,  when 
that  equality  occurs,  the  trochoid  passes  into  the  cycloid,  which  has 
sharp  cu§ps.  The  cusp  of  the  inverted  cycloid,  then,  is  the  limit  of 
sharpness  of  a  wave's  crest.  The  quality  above  named  is  equivalent 
to  that  of  the  centrifugal  force  of  a  particle  with  its  gravity  (9). 
When  the  latter  condition  occurs,  the  wave  curve  is  cycloidal,  and 
only  then. 

12.  The  limits  of  possible  curvature  of  waves.  That  curvature 
must  always  lie  between  the  cycloid  at  the  one  extreme,  and  the 
straight  line  at  the  other — embracing  trochoids  of  every  possible 
variety. 

13.  The  greater  elevation  of  the  crests  above  the  level  of  still  water, 
than  depression  of  the  troughs  below  it.  The  difference  between  this 
elevation  and  depression  is  equal  to  twice  the  height  due  to  the 
orbital  velocity  of  the  particles,  that  is,  to  twice  the  height  from 
which  a  body  must  fall  to  acquire  that  velocity ;  or,  is  a  third  pro- 
portional to  the  radius  of  the  rolling  circle  and  that  of  the  particle's 
orbit ;  that  is,  putting  R  and  r  for  these  radii  respectively,  v  for  the 

orbital  velocity,  (  =  ~:~))  and  D  for  the  difference  in  question, 

K      g 

When  r  equals  R,  then  D=?',  or  half  the  height  of  the  wave. 

14.  The  elevation  of  the  centres  of  the  orbits  of  j^articles  above  the 
positions  of  the  same  particles  at  rest.  This  is  shown  in  the  distance 
of  the  axes  above  the  corresponding  lines  on  the  background. 
These  lines  show  the  positions  of  lines  of  particles  at  rest,  which,  in 
motion,  form  the  wave  profiles  represented  by  the  transverse  wires. 
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The  elevation  in  question  is  equal  to  tlie  height  -  due  to  the  parti- 
cle's orbital  velocity ;  or,  is  a  third  proportional  to  the  diameter  of 
the  rolling  circle  and  the  radius  of  the  orbit ;  or,  is  equal  to  the 
area  of  the  orbit  divided  by  the  length  of  the  wave;  that  is,  putting 
H  for  this  elevation,  I  for  the  wave's  length,  and  the  other  symbols 
as  before, 

XT  __   r^  __v^ Tt?-^ 

When  r  equals  E,  H  ==->,,  or  one-fourth  the  height  of  the  wave. 

To  this  elevation  is  due  one-half  the  mechanical  energy  of  a  wave 
— the  other  half  to  fhe  motion  of  its  particles.  That  energy  is,  in 
other  words,  half  potential,  half  actual. 

15.  The  decreasing  diameter  of  the  orbits  with  depth.  This  is  seen 
in  the  shorter  crank-arms  below,  and  the  decreasing  amplitude  of 
sway  of  the  upright  elastic  wires,  down  to  their  points  of  rest, 
which  mark  the  depth  of  still  water.  The  decrease  of  the  orbits  in 
diameter  takes  place  in  a  geometrical  ratio,  and  is  approximately 
one-half  for  each  increase  of  depth  equal  to  one-ninth  of  a  wave- 
length ;  or,  more  exactly,  putting  r  and  r'  for  the  radii,  respectively, 

h 
of  a  surface  orbit  and  of  one  whose  middle  depth  is  Jc,  it  is  ?*,  =re-^, 

E  being,  as  before,  the  radius  of  the  rolling  circle,  and  e  the  base 
of  the  Naperian  logarithms. 

16.  The  peculiar  swaying  motion  of  continuous  lines  of  particles  of 
equal  pressure,  which  at  rest  are  vertical.  These  lines  are  alternately 
lengthened  and  shortened,  and  bent  to  right  and  left,  as  represented 
by  the  upright  elastic  wires. 

17.  The  varying  distortions  undergone  by  blocks  or  sections  of  water 
originally  rectangidar,  or  rectangidar  ivhen  at  rest.  Such  sections 
are  represented  by  the  spaces  between  the  wires,  and  their  distor- 
tions by  the  distortions  of  these  spaces. 

18.  The  fact  of  sensibly  still  water  at  half  a  wave]s  length  below 
the  surface.  This  is  exhibited  in  the  absence  of  lateral  motion  at 
the  lower  extremities  of  the  upright  wires,  and  is  a  necessary  result 
of  the  law  of  diminution  of  orbits  with  depth,  as  given  above  (13). 

19.  The  varying  strain,  in  wave  action,  on  floating  bodies.  This  is 
seen  in  the  varying  angle  made  by  the  upright  wires  with  the  upper 
transverse  wire ;  the  latter  shows  the  position  of  a  raft,  for  exam- 
ple, lying  on  the  wave  surface ;  the  former,  that  of  a  long,  thin  body, 
as  a  board,  floating  end  down ;  hence,  the  varying  relative  direction 
of  the  wires  shows  the  strain  to  which  a  body  is  subjected,  having 
both  breadth  and  depth,  as  the  hull  of  a  vessel. 

Many  other  points  besides  the  above,  may  be  studied  to  advan- 
tage in  connection  with  this  apparatus,  but  it  is  not  important  to 
specify  them  here.     Enough  have  been  stated  to  illustrate  its  utility, 
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and  indicate  in  what  respects  it  differs  from  every  other  form  of 
wave  apparatus. 

For  convenience  of  reference,  and  for  the  sake  of  completeness, 
a  few  formulae  are  added,  expressing  other  relations  among  wave 
phenomena,  not  so  directly  exhibited  by  the  instrument,  but  import- 
ant to  be  presented  in  connection  with  it.  Putting  V  for  the  velo- 
city of  propagation  of  a  wave,  and  the  other  symbols  as  before,  the 
length  of  the  wave  is 

2it         g 
its  period  t=  \J  ^"^  _  9^  yj^  _   ^  . 

the  velocity  of  a  particle  in  its  orbit;  or  at  the  crest  of  the  wave, 
^=  -'^'*=  r  V"^_,  \f2^_  '^'r_2^rY__  gr  _  tgr  . 

t  li"       r"  R  ~    I       V" — T' 

the  velocity  of  propagation  of  the  wave 

l_  gt   _  \lg±_  _  gr 

the  sine  of  the  angle  of  steepest  slope  of  surface  is 

It  will  be  understood  that  the  normal  wave,  to  which  the  theory 
applies,  and  which  the  apparatus  illustrates,  is  the  wave  on  deep 
water,  or  water  a  wave's  length,  at  least,  in  depth.  In  shallow 
water,  the  orbits  are  no  longer  circles,  but  ovals,  or  apj)roximate 
ellipses,  of  less  height  than  length,  according  to  the  degree  of 
shallowness. 

When  waves  pass  from  deep  into  shallow  water,  as  toward  a 
beach,  they  become  gradually-  shorter,  their  total  energy  is  imparted 
to  a  less  aud  less  mass  of  liquid,  and  the  extent  of  the  motion  of  the 
particles  is  proportionately  increased.  The  crests  also  travel  faster 
than  the  troughs ;  so  that  the  front  of  each  wave  becomes  by  degrees 
steeper  than  the  back,  and  at  length  curls  forward  and  falls  over, 
exhibiting  the  well  known  roll  of  surf.  The  forinuhe  for  waves 
in  deep  water  require  modification,  therefore,  to  adapt  them  to 
waves  in  shallow  water,  where  depth  of  liquid  and  ellipticity  ol 
orbit  enter  as  elements. 

It  has  been  necessary,  in  order  properly  to  explain  the  appara- 
tus and  its  uses,  to  give  more  fully  the  leading  points  of  the  theory 
of  waves,  than  would  be  required,  were  the  works  containing  it 
more  generally  accessible.  For  these  points  the  papers  of  Frof. 
Vol.  LVI.— ThirdSeriks.— No.  3.— Septembkr,  1808.  25 
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Rankine  have  been  chiefly  consulted.  It  is  hoped  that  this  outline 
of  the  theory,  thus  incidentally  given,  will  prove  not  unacceptable 
to  such  instructors  as  may  not  have  at  hand  the  original  works ; 
and  that  this  new  piece  of  apparatus  may  contribute  somewhat 
toward  imparting  a  clearer  understanding  of  the  phenomena  of 
waves. 

The  apparatus  has  been  patented,  and  is  manufactured  by  Messrs. 
E.  S,  Ritchie  &  Son,  the  well  known  philosophical  instrument 
makers,  of  Boston,  Mass. 


THE  GIFFARD  INJECTOR. 

(Concluded  from  page  130) 

We  will  now  consider  in  the  first  place,  the  attachments  needed 
when  the  injector  is  used  upon  a  locomotive.  The  general  arrange- 
ment of  the  instrument  and  its  accessories  will  be  readily  under- 
stood from  the  accompanying  Plate  I.,  in  which  A  represents  the 
starting  valve,  B,  the  check-valve  to  the  water  supply,  c,  the  regu- 
lating handle,  D,  the  delivery  pipe  to  the  check-valve  on  the  boiler, 
E,  the  escape  or  waste  valve,  F,  the  waste  pipe,  G,  the  alarm  check 
and  pipe  to  drip-pan,  which  is  on  the  end  of  the  boiler  immediately 
in  front  of  the  engine-driver. 

Among  these  attachments  we  will  first  select  for  description,  the 
starting  valve. 

It  will  be  readily  perceived,  from  what  has  been  already  ex- 
plained, that  for  the  certain  and  successful  operation  of  this  injector, 
it  should  at  first  have  a  small  supply  of  steam,  in  order  to  bring 
the  water  up  into  the  nozzle,  c.  Fig.  4,  and  when  this  is  accomplished, 
then  a  full  supply,  capable  of  carrying  water  into  the  boiler. 

Even  with  the  provisions  of  the  interior  passage  in  the  plug, 
already  described,  with  the  high  pressure  often  carried  on  locomo- 
tives, if  the  full  head  of  steam  was  let  on  to  the  injector  at  first, 
it  would  prove  too  much  for  the  outlet  of  c,  while  if  the  tube  in 
the  plug  were  made  small  enough  to  prevent  this,  it  would  then  be 
too  small  to  work  with  the  low  pressures  which  it  is  necessary 
sometimes  to  use.  To  meet  this  difiiculty  the  starting  valve,  shown 
in  Fig.  6,  is  used.  In  this  case  we  have  a  double  valve;  that  is,  the 
stem  c,  fits  by  a  conical  face  upon  the  valve,  proper,  D  D ;  but  when 
drawn  back  as  far  as  the  nut,  E,  will  allow,  steam  can  pass  through 
the  body  of  the  large  valve,  by  the  small  opening  indicated  in  the 
drawing,  and  into  the  pipe  E. 
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It  is  found,  in  fact,  very  important  that  this  opening  should  be 
very  small,  for  it  would  otherwise  be  impossible  to  adm'it  a  suffi- 
ciently small  amount  of  steam  when  a  high  presssure  exists  in  the 
boiler.  This  can  be  well  .understood  if  we  consider  that  under  a 
pressure  of  say  90  lbs.  to  the  square  inch,  the  volume  of  the  steam 
is  reduced  to  one-sixth,  and  that  thus  a  small  orifice  can  deliver  a 
quantity  which  will  have  a  great  volume  when  subsequently  ex- 
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panded  under  an  atmospheric  pressure  only.  It  might,  perhaps,  be 
supposed  that  a  conical  valve,  like  that  shown  at  Fig.  4,  operated 
by  a  fine  threaded  screw,  would  accomplish  the  same  end.  This 
is  true  as  regards  the  gradual  admission  of  steam  at  starting,  but 
then,  the  time  required  to  open  the  valve  so  as  to  give  a  full  head  of 
steam  when  required,  would  be  excessive,  and  would  occasion  in 
practice  great  inconvenience.  To  open  any  ordinary  valve,  capable 
of  admitting  the  maximum  flow  which  would  be  required  on  some 
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occasions,  with  sufficient  delicacy  to  start  the  injector  with  a  high 
pressure  of  steam,  would  be  impracticable,  especially  under  the 
existing  conditions  of  jar  and  motion  in  a  locomotive. 

The  effect  of  this  arrangement  will  be  evident  when  we  describe 
its  operation. 

Steam  from  the  boiler  filling  the  space,  G,  and  pressing  upon  the 
valve,  D  D,  keeps  it  firmly  in  its  seat,  so  that  when  the  handle.  A, 
is  pulled  out  with  moderate  force,  the  stem,  B  c,  is  alone  moved, 
until  the  nut,  E,  is  arrested  against  the  face  of  the  valve.  The  re- 
sistance offered  by  this  valve  will  be  very  sensibly  perceived,  and 
will  indicate  when  sufficient  motion  has  been  given  to  the  handle. 

Through  the  opening  thus  exposed  by  the  interior  valve,  c,  steam 
passes  into  the  pipe,  E,  and  to  the  injector",  not  only  with  sufficient 
rapidity  to  raise  water  for  the  action  of  that  instrument  but  also 
in  such  quantity  as  to  accumulate  in  the  pipe,  E,  so  as  to  balance, 
in  part,  the  pressure  on  the  valve,  d  d,  and  thus  render  it  easy  when 
the  right  time  comes  (which  is  after  a  few  moments)  to  open  this 
valve  by  a  further  motion  of  the  handle.  A,  and  admit  a  full  head 
of  steam  to  the  injector. 

Thus  the  necessities  of  the  case  are  provided  for  in  this  respect. 

It  is  again  of  vital  importance  that  the  engineer  should  be  noti- 
fied whenever  the  injector,  from  any  cause,  either  ceases  to  operate 
or  fails  to  start.  This  is  secured  by  means  of  the  alarm  check  valve, 
which  we  will  now  describe. 

If  the  injector  is  not  working  into  the  boiler  when  the  escape 
valve,  (P.  Fig.  4,)  is  closed,  it  is  clear  that  the  steam  will  back  up  in 
c,  and  tend  to  pass  out  into  the  water  supply  and  tank.  As  soon, 
however,  as  any  pressure  occurs  in  the  upper  part  of  the  supply-pipe, 
the  check-valve,  B,  Fig.  7,  will  close,  and  the  steam  then  exerts  its 
pressure  on  the  small  check,  D,  in  the  lateral  pipe,  c  E,  which  leads  to 
the  drip  pan.  This  small  valve,  which  is  kept  in  its  seat  by  a  spiral 
spring,  as  shown  in  the  drawing,  will  then  be  raised,  and  allow  the 
steam  to  escape  into  the  drip  pan  in  a  way  that  cannot  fail  to  secure 
notice. 

In  cold  weather  it  is  important  to  have  some  means  of  passing 
steam  into  the  tank  to  avoid  freezing.  To  accomplish  this,  a  small 
opening  is  made  through  the  valve,  B,  Fig,  7,  as  shown  in  the  draw- 
ing, which  allows  steam  enough  ,to  pass  for  the  above  purpose,  when 
there  is  no  other  outlet,  but  is  not  sufficiently  large  to  interfere 
with  the  working  of  the  valve  in  other  respects 
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The  escape  valve,  p,  Fig.  -i,  being  closed  and  steam  let  on,  no 
jet  can  be  established  nor  any  water  forced  into  the  boiler,  the 
pressure  of  steam  will  then  be  exerted  to  force  its  way  into  the 
water  supply  and  lateral  pipe.  A  stop  valve  or  cock  being  placed 
at  some  convenient  position  on  the  latter,  and  closed,  the  steam  will 
pass  only  into  the  tank  by  the  opening  in  the  water  check  valve. 


It  must,  of  course,  be  remembered,  that  after  driving  steam 
through  in  this  way  for  some  time,  the  feed  pipe  and  its  contents 
will  become  highly  heated.  It  will,  therefore,  be  impossible  to 
start  the  injector  until  this  very  hot  water  has  been  drawn  through 
and  ejected  by  the  escape  valve. 

If  this  precaution  is  neglected  and  the  full  head  of  steam  is  given 
to  the  injector  before  the  hot  water  has  all  been  expelled  by  the 
light  jet,  then,  there  being  no  condensation  in  the  nozzle,  c,  Fig.  4, 
(or  an  insufficient  one)  the  jet  will  not  be  driven  into  tiic  boiler, 
but  will  back  up  into  the  supply  pipe,  and  will  drive  hot  water  and 
steam  through  the  supply  pipe  to  the  tank,  thus  re-establishing  the 
conditions  securing  failure;  so  that  if  another  attempt  is  made  at 
once  to  start  the  apparatus,  it  will  fail,  exactly  as  before,  and  so  on 
perpetually,  until  the  water  in  the  supply  pipe  is  no  longer  hot;  an 
end  to  be  reached  in  practice,  of  course,  not  by  waiting  until  it 
cools,  but  by  blowing  it  out,  as  before  directed. 

We  come,  lastly,  in  connection  with  these  locomotive  attachments, 
to  the  main  check  valve.     The  object  of  this  evidently  is  to  pre- 
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vent  the  water  of  the  boiler  from  running  out  through  the  injector, 
should  anything  go  wrong. 

It  is,  moreover,  so  constructed  that  it  not  only  acts  as  an  automatic 
check-valve,  but  it  is  also  arranged  so  that  if,  by  chance,  it  sticks 
up  and  fails  to  close,  it  may  be  forced  down  into  its  seat,  and  turned 
round  so  as  to  remove  obstructions.     (See  Plate  11.,  main  check.) 

To  accomplish  these  objects  the  upper  part  of  the  valve  is  pro- 
vided with  parallel  plates  cast  with  it,  forming,  in  fact,  a  rectangular 
slot  in  which  fits  freely  a  plate  suspended  from  the  T  slide  of  the 
valve  stem  which  ends  above  in  a  button.  By  this  means  the  valve 
easily  rises  and  falls,  ,being  guided  by  the  part  of  the  stem  below  the 
valve,  but  if  it  should  stick  up,  it  may  be  at  once  forced  into  its  seat 
by  pressing  on  the  button,  or  turned  round  upon  its  seat  so  as  to 
grind  out  any  foreign  substance  without  cramping  its  guiding  stem. 

This  concludes  the  category  of  attachments  required  for  locomo- 
tives, their  connected  arrangement  and  details  being  shown  in 
Plate  II. 

In  connection  with  stationary  engines,  the  only  attachments  re- 
quired are  the  alarm  check,  main  check,  and,  when  there  is  pressure 
in  the  water  supply,  a  water  regulator  in  connection  with  the  water 
check  valve. 

This  arrangement  is  shown  in  plate  III.  Here  we  have  a  sort 
of  balance  valve  in  which  the  water  from  the  supply,  presses  upon 
the  inner  face  of  the  valve,  and  also  upon  the  small  piston  on  the 
same  stem,  whose  outer  surface  opens  to  the  air  through  the  case. 
These  surfaces  are  so  adjusted  that  the  valve  would  remain  closed 
by  reason  of  the  water  pressure,  but  if  a  partial  vacuum  is  pro- 
duced in  the  pipe,  D,  by  the  action  of  the  injector,  then  the  valve 
will  be  opened  by  this  force,  the  amount  of  its  opening  being  con- 
trolled by  the  position  of  the  stem  which  is  detached  from  it. 

Of  course  any  pressure  in  the  pipe,  D,  will  at  once  close  this 
valve,  so  that  it  acts  also  as  a  check  valve,  which  would  cause  the 
steam  to  pass  through  the  alarm  check  into  the  waste  pipe,  so  as  to 
attract  notice. 

With  regard  to  the  economy  of  the  Injector,  we  may  look  at  the 
subject  in  a  purely  theoretical  point  of  view,  and  reach  a  conclusion 
founded  upon  general  principles  which  we  will  find  to  be  sustained 
by  the  rough,  and  yet  in  its  aggregate  result,  still  more  valuable 
test,  of  practical  experience. 

From  what  we  have  already  seen  in  reference  to  the  mode  in 
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whicli  the  Injector  acts,  it  appears  that  the  entire  force  which 
passes  from  the  boiler  in  the  issuing  steam,  is  returned  to  it,  with 
the  exception  of  that  expended  in  lifting  and  injecting  the  feed- 
water,  and  so  much  as  is  lost  by  radiation  of  heat  from  the  various 
parts  and  connections.  This  is,  of  course,  when  all  is  in  proper 
adjustment. 

The  steam  which  escapes,  is  returned  in  a  condensed  form,  and 
the  loss  of  velocity  with  which  it  re-enters,  represents  the  force 
required  to  raise  and  introduce  the  added  quantity  of  water  which 
it  carries  in  with  it  against  the  resisting  pressure  of  the  boiler. 
Were  any  force  expended  otherwise,  it  must  show  itself  either  as 
visible  motion  or  as  heat.  But  there  is  no  motion,  and  indeed, 
there  are  no  moving  parts,  and  any  heat  developed  in  the  instru- 
ment would  be  carried  into  the  boiler  by  the  jet,  and  thus  not  be 
lost.  We  thus  see  that  as  a  means  of  introducing  water  into  a 
boiler,  without  regard  to  any  accidental  modifying  conditions,  this 
instrument  must  be  economical,  as  it  only  expends  the  force  needed 
to  accomplish  the  work ;  whilst  in  all  forms  of  pumping  apparatus 
a  loss  of  power  is  occasioned  by  the  friction  of  various  parts,  and 
by  their  intermitting  motion  requiring  a  column  of  water  at  rest, 
and  the  reciprocating  parts  of  the  machine  itself  to  be  put  in  mo- 
tion at  every  stroke. 

If,  however,  in  some  particular  case,  the  comparison  is  made 
between  the  Injector  using  relatively  cold  water,  and  some  other 
means  of  feeding,  combined  with  apparatus  for  heating  the  feed- 
water  by  waste  heat,  the  Injector  loses  its  absolute  theoretical 
advantage,  to  a  certain  degree.  It  then  depends  for  its  title  to 
superiority  upon  its  convenience  and  simplicity  of  structure,  which 
relieve  it  from  expensive  repairs  and  from  the  risk  of  derangement 
and  consequent  stoppages  of  works,  to  which  the  wear  and  tear  of 
various  moving  parts,  with  their  peculiar  reciprocating  action  upon 
an  incompressible  material,  renders  pumps  especially  liable. 

That  the  loss  of  absolute  theoretical  advantage  in  the  Injector, 
compared  with  a  combined  pumping  and  heating  apparatus  is  in  fad, 
slight,  will  be  evident  when  we  remember  that  with  the  Injector,  as 
with  other  means  of  feeding,  waste  heat  may  be  employed  to  act 
upon  the  water  between  the  feeding  apparatus  and  the  boiler,  the 
difference  being  simply  this :  that  with  a  pump,  for  example,  the 
water  will  pass  into  this  heating  apparatus  at  its  natural  tempera- 
ture and  will  get  all  the  heat  it  acquires  before  entering  the  boiler 
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from  the  waste  heat,  while  in  the  case  of  the  Injector,  the  water  in 
passing  through  that  instrument,  will  acquire  a  certain  amount  of 
increase  in  temperature  at  the  expense  of  the  steam  from  the  boiler 
before  it  comes  in  contact  with  the  waste  heat.  This  fraction,  then, 
of  the  supply  which  might  otherwise  be  derived  from  waste  heat, 
is  all  that  is  sacrificed  by  the  Injector. 

We  therefore  conclude,  that  in  all  cases  in  which  the  feed- water 
is  not  heated  by  using  heat  otherwise  wasted,  the  Gififard  Injector 
is,  to  use  the  words  of  an  eminent  French  writer,  M.  Ch.  Combes, 
Inspector- General  and  Director  of  the  Ecole  des  Mines^  "Without 
doubt,  the  best  of  alb  those  hitherto  used  for  feeding  boilers,  and 
the  best  that  can  be  employed,  as  it  is  also  the  most  ingenious  and 
simple."  *  *  *  *  "and  is  theoretically  perfect;"  and  that  even 
when  the  comparison  is  made  under  the  conditions  least  favorable 
to  itself,  this  instrument  still  maintains  a  practical  superiority. 


The  Mechanics  of  Spiritualism. — Dr.  Peper,  of  the  Polytech- 
nic Institution  in  London,  so  well  known  for  his  ingenious  inven- 
tions of  the  ghost,  the  floating  head,  &c.,  has  for  some  time  past 
employed  himself  in  the  development  and  exhibition  at  the  above 
named  institute  of  sundry  contrivances,  by  which  all  the  wonders  of 
spiritual  manifestations  have  been  not  only  paralleled  but  exceeded. 
One  of  the  most  remarkable  of  these  consisted  of  an  airangement 
by  which  various  objects  and  persons  were  caused  to  rise  in  the  air 
and  remain  there  suspended  under  conditions  which  implied  the  im- 
possibility of  any  supporting  wire  or  thread  however  fine  and  in- 
visible. 

When,  however,  wc  mention  that  in  the  patent  by  which  these 
contrivances  are  secured  to  their  inventors'  use  a  large  plate  of 
glass  figures  as  the  "  invisible  means  of  support "  of  these  light 
characters,  the  wonder  of  the  thing  will  be  somewhat  diminished, 
while  the  simplicity  and  ingenuity  of  the  idea  may  well  claim 
praise.  In  a  foreign  scientific  journal  we  see  some  tricks  of  the 
Davenport  Brothers,  are  described  and  are  declared  inexplicable,  and 
yet  we  have  repeatedly  seen  performances,  involving  every  impor- 
tant feature  of  these  sujier-luwian  developments,  made  by  an  ama- 
teur in  the  arts  of  legerdemain  in  the  presence  of  many  spectators, 
and  defying  all  their  ingenuity  of  detection.  Yet  to  those  initiated, 
these  feats  are  as  easily  reduced  to  the  domain  of  nature  and  me- 
chanics as  Dr.  Peper's  wonders  when  the  glass  is  recognised. 
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A  Lecture  delivered  at  the  AcaJomy  of  ^lusic,  before  the  Franklin  Institute,  on 
Maj'  23d  and  June  Gth,  1808. 

By  Prof.  IIkxry  Morton,  Pu.D. 

(Continued  from  page  136.) 

ANOTHER  remarkable  feature  of  the  lunar  structure  is,  tlie  enor- 
mous size  of  many  of  its  circular  mountains  or  volcanic  craters. 
Thus  the  largest  of  these  distinct  and  clearly-defined  circles,  ex- 
cluding all  the  vast  wall-surrounded  plains,  of  which  we  have 
before  spoken,  and  which  are  many  times  larger,  is  Clavius,  near 
the  south  pole,  whose  diameter  is  132  miles.  We  are  all  fiimiliar 
with  similar  distances  as  traversed  by  the  locomotive  and  train; 
but  what  an  idea  it  gives  of  the  grand  extent  of  the  objects  we 
view  in  the  moon,  to  think  of  them  in  such  connection.  Take, 
for  example,  the  road  from  this  place  to  New  York,  which 
most  of  you,  no  doubt,  have  traversed.  Think  how,  hour  after  hour, 
with  the  rush  of  the  train,  you  sweep  over  meadows  and  woods — 
through  fields,  villages  and  towns — across  land  and  water.  The 
Delaware,  the  Earitan,  the  Passaic — not  to  mention,  perhaps,  the 
Schuylkill,  and  the  Hudson  at  cither  end,  are  crossed — five  great 
rivers,  the  least  of  which  would  float  the  navies  of  the  world,  with 
all  the  intervening  land  and  its  populous  cities,  and  then,  at  the 
end  of  four  hours  thus  spent,  you  have  traveled  a  distance  which 
is  less  by  thirty-five  miles  than  the  diameter  of  Clavius,  so  that  we 
must  reach  back  into  another  state,  and  add,  say,  the  distance  from 
Philadelphia  to  Newcastle,  in  Delaware,  to  the  other  journey,  to 
equal  the  space  we  should  traverse,  could  we  in  like  manner  glide 
across  that  little  circle,  that  barren  plain  called  Clavius,  walled  in 
by  its  rim  of  precipitous  rocks,  rising  abruptly  no  less  than  three 
miles  high,  often,  in  a  vertical  precipice. 

So,  again,  we  have  Schiller  and  Schicard,  each  about  120  miles 
in  diameter,  and  Maginus  (4)  80  miles;  Longomontanus  (5)  70 
miles;  Maurolj'cus  (15)  81  miles;  Walter  (17)  80  miles;  Arzachel 
Vol.  LVI. — Third  Series. — No,  3.— Sei'temher,  18G8.  Ii6 


V 

202  Educational. 

(25)  70  miles ;  Alphons  (30)  91  miles ;  Albategnius  (50)  nearly  80 
miles ;  Ptolemaus  (31)  80  miles,  and  a  great  number  of  others  of 
like  dimensions ;  "while  referring  to  some  more  familiar  objects,  we 
find  Tycho,  Copernicus,  Archimedes  (41),  and  Plato,  all  from  40  to 
50  miles  in  diameter.* 

The  cause  of  this  stupendous  size  in  the  lunar  craters  is  not  diffi- 
cult to  find,  and  seems,  evidently,  to  lie  in  the  three  following  condi- 
tions. If,  as  is  natural,  we  suppose  the  moon  to  have  been  at  first 
in  a  fluid  state,  and  to  have  cooled  by  exterior  radiation,  the  rapi- 
dity with  which  that  chilling  would  have  been  ejffected  would  be 
very  great,  both  on  account  of  the  large  proportion  of  the  surface 
to  the  mass,  as  compared  with  the  earth  for  example,  and  because 
of  the  absence  of  an  atmosphere,  which,  as  Tyndall  has  shown,  is 
of  immense  importance  as  a  means  of  arresting  the  escape  of  heat. 
This  would  have  made  the  volcanic  actions  (supposing  these  to 
result  from  the  cooling  and  contraction  of  the  outer  shell  upon  the 
fluid  nucleus,)  very  violent.  Then,  in  consequence  of  the  less  mass 
of  our  satelite,  gravitation  on  her  surface  would  be  but  one-fifth  as  great 
as  on  the  earth,  by  reason  of  which,  matter  projected  from  a  volcanic 
outlet,  would  have  been  driven  to  a  great  distance ;  and,  lastly,  the 
absence  of  an  atmosphere,  relieving  all  projectiles  of  atmospheric 
resistance  would  greatly  extend  their  range  of  flight,  and  thus 
cause  them  to  be  deposited  at  a  great  distance  from  the  centre  or 
vent.f 

Many  of  the  same  causes  which  are  concerned  in  the  enormous 
lateral  magnitude  of  the  lunar  volcanoes,  are  likewise  involved  in 
the  development  of  their  relatively  vast  and  precipitous  height. 

The  greatest  height  attained  by  a  lunar  mountain,  is  that  exhibi- 
ted by  Newton,  whose  peak  only  is  shown  in  our  map,  Plate  II.,  lit 
by  the  sun  (rising  on  that  portion  of  the  planet,)  under  the  letter 
h,  of  the  word  "  south."  Its  height  is  about  4|  miles.  This  is  an 
actual  elevation  less  than  that  of  many  terrestrial  mountains  above 
the  level  of  the  sea ;  but  when  we  compare  the  relative  sizes  of  the 
globes  on  which  these  peaks  occur,  we  see  that  their  diameters 

*  The  numbers  in  brackets  refer  to  the  locations  similarly  marked  on  Plate  II. 

f  The  effect  of  atmospheric  resistance  on  the  flight  of  projectiles,  may  be  well 
illustrated  by  the  following  example  which  Dr.  Young  adduces.  A  musket-ball, 
with  an  initial  velocity  of  1670  feet  per  second,  would  have  an  horizontal  range  of 
about  five  miles  in  vacuo,  but,  in  fact,  reaches  but  one  milo  i*^  the  air. — Young's 
Natural  Philosophy,  Vol.  I.,  p.  30. 
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being  as  4  to  1,  our  terrestrial  mountains  should  be  18  miles  in 
height,  to  equal  those  of  the  moon. 

It  is  true,  that  we  do  our  own  peaks  an  injustice,  by  measuring 
them  from  the  surface  of  the  ocean,  while  with  the  moon,  there 
being  no  water,  and  so  no  ocean  surface,  we  measure  from  the  very 
abjses  of  its  unfilled  valleys;  but  even  then  we  should  have  only  a 
height  of  10  miles  on  the  earth  to  match  with  an  equivalent  one  of 
18  miles  from  the  moon. 

You  might  naturally  inquire,  in  this  connection,  how  it  is  that 
we  can  measure  so  precisely  the  height  of  lunar  mountains.  I 
answer,  simply  by  measuring  the  length  of  the  shadows  they  cast 
in  known  positions  of  the  sun.  From  the  perfect  blackness  and 
sharply-defined  terminations  of  the  lunar  shadows,  this  measure- 
ment is  not  dif&cult,  and  enables  us,  beside,  to  note  with  great  cer- 
tainty the  actual  profile  and  true  topographical  conditions  of  the 
lunar  surface,  where  otherwise  we  might  be  deceived  by  the  effects 
of  that  difference  in  reflecting  power,  to  which  we  have  before 
alluded. 

These  facts  and  conditions  are  well  illustrated  in  Plate  III. 
The  two  upper  drawings  are  taken  from  Liais'  beautiful  work,  enti- 
tled "  I'Espare  Celeste  et  la  Nature  Tropicale,"  and  represent  the 
same  location  (a  range  of  hills  and  volcanic  cones  in  the  Mare 
Nubium)  as  seen  near  sunset,  and  near  noon  of  the  lunar  day. 

It  will  be  there  seen  how  the  shadows  of  sunset  bring  out  the 
inequalities  of  level  and  obliterate  the  various  markings  not  pro- 
duced by  such  a  cause,  but  resulting  simply  from  unequal  reflect- 
ing power.  This  is  specially  notable  in  the  right-hand  upper  corner 
of  the  sunset  view :  a  range  of  hills  appears  clearly  marked,  which 
was  imperceptible  in  the  noon  picture ;  while  on  the  other  hand  the 
rays  which  at  noon  show  clearly  from  the  volcanic  ring,  are  all 
gone  in  the  evening. 

The  lower  pictures  on  the  plate  are  from  an  admirable  little  book 
by  Guillemin,  entitled  *'  La  Lune,"  and  represent  a  volcanic  crater 
as  seen  at  sunrise  and  sunset. 

"We  there  see  from  the  shadow  projected  on  the  interior  plain, 
that  the  right  hand  or  western  edge  consists  of  a  series  of  i»recipi- 
tous  peaks,  while  the  eastern  one  is  a  level  rampart.  (These  draw- 
ings,  like  Plate  II.,  show  the  objects  as  seen  in  the  telcsc«5pe, 
therefore,  inverted,  as  compared  with  their  actual  positions.) 

(To  be  continued.) 
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LECTURES  ON  VENTILATION. 


By  Lewis  W.  Leeds. 

Second  Course,  delivered  before  the  Franklin  Institute,  during  the 

winter  of  1867-68. 


(Continued  from  page  141.) 

The  beating  of  the  pulse  is  tlie  action  of  the  heart  in  pumping 
the  blood  from  the  estremes  of  the  body,  and  driving  it  through 
the  lungs  to  be  aerated.  There  are,  on  an  average,  about  seventy- 
two  pulsations  of  the  heart  every  minute,  and  two  ounces  of  blood 
are  passed  through  the  lungs  at  each  pulsation,  or  from  sixty-five 
to  seventy  gallons  every  hour,  and  from  forty  to  sixty  barrels  per 
day.  I  designed  by  this  piece  of  red  flannel  (see  cut.  Fig.  3)  to  re- 
present the  number  of  cubic  feet  of  blood  passed  through  the  lungs 
every  twenty-four  hours. 

"We  thus  see  the  very  large  amounts  of  blood  and  air  that  circu- 
late through  the  lungs,  and  can  easily  imagine  of  how  much  greater 
importance  the  proper  supply  of  air  is  to  the  maintenance  of  good 
health  than  the  supply  of  food,  because,  while  we  eat  less  than  two 

pounds  daily,  we  breathe  fifteen 

^'^ure  3.  times    that   amount,    or    about 

■^!- ■  ^:^BBSa!aiRilBB9lgl     thirty  pounds. 

■ibL.b^^.^»^ianMf§Smi         ^he  amounts  here  given  are 

■Hg5S39!!g|HHBHBHHHIIHBB     only  approximations,  they  are 

BIEiiS^gSBiiBBBEflfiflBBBfl     subject  to  extreme  variations. 
BBHHpii|HBBBBB|BBBB|B         ^e  all  know  the  wonderful 

li  '"^IliBBBSSflBBBBB  ®^^*^  of  any  violent  exercise, 
.  ' "  ii^BBBHBBBBBB  how  it  sets  the  heart  to  beating, 
IHwIiSbBBBB  ^^'  ^^  other  words,  the  blood  to 
circulating,  this  at  once  requires 
more  air ;  we  begin  to  breathe  faster  and  inhale  and  exhale  much 
larger  quantities. 

It  is  astonishing  how  many  persons  disregard  this  wonderful  pro- 
vision of  nature  for  keeping  off  diseases,  or  for  curing  it  after  we 
have,  by  our  own  negligence,  allowed  it  to  affect  our  bodies. 

The  simple  difference  in  the  amount  of  blood  and  air  which  circu- 
late through  our  systems,  under  different  circumstances,  shows  us 
what  control  we  have  over  our  bodies  in  this  respect. 
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The  variation  in  this  circulation  from  entire  repose  to  vigorous 
action,  may  be  thirty  or  forty  per  cent. — say  thirty  per  cent. — taking 
the  average  amount  of  air  breathed  at  three  hundred  and  sixty- 
three  feet,  thirty  per  cent,  of  this  would  be  near  one  hundred  cubic 
feet  difference  in  the  amount  of  the  air  breathed ;  and  taking  fifty 
barrels  as  the  average  amount  of  blood  circulated  through  the  body, 
thirty  per  cent,  would  be  fifteen  barrels. — Fifteen  barrels  of  blood! 
coming  to  the  lungs  to  be  purified,  to  be  aerated,  and  one  hun- 
dred cubic  feet  of  air,  an  amount  thirty  or  forty  ames  the  bulk  of 
the  body,  and  this  the  difference  only,  not  the  actual  amount,  but 
just  the  difference  between  a  state  of  perfect  quiet  and  that  of  active 
exercise. 

AVhat  a  means  this  is  of  influencing  the  condition  of  the  body, 
and  what  an  incentive  to  active  exertion  instead  of  sluggish,  stag- 
nant quiet. 

Every  child  going  to  school  ought  to  walk  two  miles  in  going  to 
school  and  two  miles  in  tlie  evening  in  returning  home ;  and  no 
children  ought  to  see  the  inside  of  a  school-house,  until  they  were 
quite  able  to  walk  that  distance  in  all  kinds  of  weather,  without 
any  inconvenience.  This  positive  necessity  for  daily  exercise  is  an 
advantage,  as  when  it  can  be  avoided  it  is  frequently  omitted  in 
stormy  and  unpleasant  weather,  much  to  the  injury  of  the  child's 
health. 

It  is  quite  a  common  idea  with  many  persons,  that  if  they  feel 
unwell  in  the  spring  of  the  year,  that  their  blood  must  be  out  of 
order,  it  is  impure.  Now  there  is  but  little  doubt  but  the  blood  of 
too  many  persons  is  very  impure,  but  how  do  they  attempt  to 
purify  it  ?  "Why  by  taking  some  vile  compound  in  the  shape  of 
some  patent  pills,  or  other  miserable  stuff. 

What  would  you  do  with  a  servant  that  would  neglect  to  put 
coal  on  the  fire,  and  just  when  she  was  in  a  hurry  to  get  breakfast 
or  dinner,  finding  the  fire  was  nearly  out,  to  make  amends  for  her 
negligence,  should  pour  turpentine  or  kerosine  on,  making  a  great 
smoke  and  a  temporary  blaze  ?  and  probably,  if  a  little  careless  in 
its  use,  would  set  the  chimney  on  fire,  and  run  much  risk  of  burn- 
ing the  house  down. 

Well,  now,  it  is  just  as  reprehensible  for  you  to  go  on  all  winter 
neglecting  to  supply  yourself  with  pure  air,  and  in  the  si)ring  find 
yourself  weak,  debilitated  with  impure  blood,  and  your  fire  nearly 
out,  and  then  to  make  amends  for  your  carelessness,  take  some  de- 
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testable  pills  or  some  of  the  world-renowned  humbugs  in  the  shape 
of  patent  tonics,  that,  according  to  the  advertisement,  are  a  certain 
cure  for  all  diseases  to  which  "  human  flesh  is  heir."  And  you 
might  suppose  from  the  reading  of  these  advertisements,  that  they 
were  an  entire  and  perfect  substitute  for  pure  air. 

I  believe  I  never  was  quite  so  foolish  as  to  take  a  bottle  of  any 
such  stuff;  but  I  think  there  must  be  a  great  many  who  do,  from 
the  splendid  palaces  that  are  constantly  being  built  from  the  profits 
on  the  sales  of  such  trash. 

You  might,  at  first,  suppose  that  physicians,  and  almost  every 
one  else,  would  have  learned  by  this  time  the  best  cure  for  con- 
sumption ;  yet  how  generally  you  find  persons  with  this  disease 
shut  up  in  close  rooms,  breathing  very  impure  air,  and  taking 
extra  pains  not  to  allow  any  draughts  of  any  kind  to  enter  the  rooms. 

I  say,  you  would  scarcely  suppose  it  possible  that  such  a  con- 
trary course  would  be  pursued  ;  but  Ave  must  remember  how  short 
a  time  it  has  been  since  physicians  would  not  allow  the  patient  to 
follow  the  dictates  of  nature,  and  drink  cold  water  in  fevers. 

And  most  of  us  remember  how  common  it  was,  but  a  few  short 
years  ago,  to  take  the  very  life-blood  from  a  sick  person,  just  at  a 
time  when  it  was  most  needed  in  carrying  off  the  disease  from  the 
system. 

It  is  not  in  consumption  alone,  that  fresh  air  is  of  such  great  im- 
portance, but  it  is  in  all  the  diseases  of  the  human  body.  You 
might,  at  first,  think  that  in  amputating  a  limb  ventilation  would 
have  nothing  to  do  with  the  speedy  recovery  of  the  patient,  this 
notion,  however,  would  be  a  great  mistake,  as  ventilation  has  more 
to  do  with  it  than  any  other  thing. 

The  surgeons,  during  our  late  war,  were  fully  aware  of  this,  they 
well  knew  if  they  amputated  a  limb  that  the  death  or  recovery  of  the 
patient  depended  more  upon  the  air  he  breathed,  than  any  other 
agent  with  which  they  had  to  deal. 

I  remember  listening  with  much  interest  to  the  Surgeon  General's 
description  of  a  very  difficult  case  of  amputation,  which  he  per- 
formed in  the  field  in  West  Virginia,  I  think,  and  he  kept  the 
patient  with  him,  (generally  in  a  hospital  tent,)  and  he  was  getting 
along  most  favorably ;  but  was  sent  fiijally  to  one  of  the  hospitals 
in  Baltimore,  which  I  think  was  an  old  hotel ;  soon  after  which 
he  died.  I  heard  the  surgeons  say  afterwards  that  they  scarcely 
could  cut  off  a  fmgcr  in  that  hospital  but  the  patient  would  die. 
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They  died  from  impure  blood,  they  died  for  the  want  of  ventila- 
tion, and  this  is  simply  the  universal  experience  of  every  physician 
and  surgeon. 

If  I  were  to  scratch  my  finger,  ventilation  would  have  more  to 
do  with  its  healing,  than  all  the  salves  and  plasters  I  could  put  on. 

It  is  a  very  common  remark  that  a  cut  or  wound  will  not  heal 
because  "  the  blood  is  out  of  order."  Very  sensible  remark,  too,  and 
the  quickest  way  to  get  the  blood  in  order  is  to  breathe  nothing 
but  pure  air  and  plenty  of  it. 

You  have  often  heard  of  the  woman  that  wanted  some  whiskey 
for  a  sore  toe,  but  on  being  remonstrated  with  for  drinking  it  right 
down  instead  of  using  it  to  bathe  the  toe,  remarked — "  It  will  soon 
get  there."  She  was  not  so  far  out  of  the  way,  either,  as  we  might 
suppose  at  first ;  it  would  soon  get  there,  indeed,  and  the  inflamed 
and  poisoned  blood,  I  was  going  to  say,  would  do  most  as  much 
harm  as  it  does  when  it  gets  into  the  other  end  of  the  system  ;  but 
perhaps  that  would  hardly  be  possible. 

You  cannot  live  without  breathing;  you  cannot  live  without 
eating;  you  cannot  live  well  without  exercise.  These  are  the  three 
grand  essentials  for  health,  comfort  and  happiness. 

The  breathing  is  of  more  than  ten  times  the  importance  that 
eating  is.  By  breathing  pure  air  you  can  digest  more  food,  and 
you  require  more  to  satisfy  hunger. 

Some  of  you  may  be  surprised  to  hear  me  assert,  that  if  you 
cannot  get  food  you  would  die  sooner  by  breathing  pure  air,  than 
you  would  by  re-breathing  some  of  the  foul  poisonous  air  pre- 
viously exhaled.  I  was  led  to  consider  this  question  by  the  very 
unexpected  results  of  some  experiments  I  tried  last  summer  with 
some  flies,  I  took  six  half-gallon  jars,  six  quart  jars,  and  six  pint 
jars,  making  18  in  all,  into  all  of  which  I  enticed  flies  by  covering 
them  with  bread,  with  a  little  molasses  underneath.  I  intended  to 
put  two  dozen  into  each  jar,  but  they  would  not  go  in  just  to  suit 
me,  so  some  had  20,  some  40  and  some  60.  Two  of  the  bottles 
of  each  size,  making  six  in  all,  I  filled  with  my  breath,  and  sealed 
up  tight;  two  of  each  size  I  simply  sealed  tight,  but  iillcd  with 
pure  air,  and  the  other  six,  two  of  each  size,  I  covered  with  coarse 
netting,  so  as  to  allow  of  a  free  circulation  of  air  and  keep  the  flies 
confined. 

It  was  in  summer,  and  I  closed  them  up  at  6  P,  M.,  the  sun  about 
an  hour  high,  I  observed  their  condition  at  intervals  of  an  hour, 
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making  a  note  on  eacli  bottle.  At  the  end  of  the  first  hour  those 
confined  in  the  breath  were  very  stupid,  many  of  them  tumbling 
about  from  side  to  side,  and  none  able  to  fly.  Those  confined  in 
the  pure  air  were  moderately  lively,  about  half  of  them  could  fly 
from  side  to  side,  and  were  just  as  much  at  the  bottom  as  at  the  top 
of  the  jar.  But  a  very  different  scene  presented  as  the  others  with 
the  circulating  air  were  examined,  they  were  all  crowded  to  the 
fresh  air  opening,  their  feet  sticking  up  through  the  netting,  and 
there  they  remained  with  much  persistence,  if  driven  away  they 
would  immediately  return,  and  in  one,  there  being  more  flies  than 
room  at  the  fresh  air' opening,  they  had  to  take  turns  standing  at 
the  window,  which  reminded  me  of  what  I  observed  at  Nashville 
jail,  which  was  so  shamefully  crowded  and  with  so  little  air,  that 
each  prisoner  was  allowed  just  so  many  minutes  to  stand  by  the 
little  hole  that  admitted  the  fresh  air,  and  this  was  considered  so 
great  a  privilege,  each  one  waited  with  the  greatest  anxiety  and 
impatience  for  his  turn,  and  they  would  never  miss,  night  or  day.* 

So  it  seemed  to  be  a  great  privilege  with  these  flies,  but  I  sup- 
pose they  did  not  take  their  turn  with  so  much  punctuality. 

In  two  hours  some  of  the  flies  in  the  breath  seemed  nearly  dead ; 
the  others  much  the  same.  At  ten  in  the  evening  no  particular 
change. 

Next  morning,  at  six  o'clock,  no  marked  difference ;  those  in  the 
breath  a  little  more  stupid,  and  two  or  three  apparently  dead ;  one 
or  two  in  the  confined  pure  air  about  dead,  on  being  put  out  in  the 
bright  morning  sun  they  revived  wonderfully ;  those  Avith  the  cir- 
culating fresh  air  kept  up  a  perfect  humming,  and  the  others  re- 
vived very  much ;  but  few,  however,  of  those  in  the  breath,  were 
able  to  fly  even  with  this  extra  stimulus.  At  ten  A.  M.,  I  went  to 
town,  and  at  five  P.  M.  returned  home.  I  expected  to  find  all  those 
in  the  breath  deid,  and  those  in  the  confined  pure  air  about  half 
dead,  and  those  in  the  circulating  pure  air  as  lively  as  ever  ;  but  to 
my  utter  astonishment  and  disgust,  I  found  every  one  of  those  in 
the  pure  air  stark  dead,  not  a  vestige  of  life  in  a  single  fly. 

Those  in  the  pure  confined  air  were  about  half  dead,  and  nearly 
the  same  proportion  of  those  confined  in  the  jar  with  the  breath. 
But  they  did  not  die  even  in  these  with  that  perfect  regularity  that 
I  wanted  them  to  do. 

*  I  should  state,  probably,   that  upon  reporting  the  condition   of  this  jail  to 
General  Rosecrans,  then  commanding,  he  had  it  remedied. 
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That  is  to  say,  where  there  are  twenty  in  a  pint  jar,  and  twenty 
in  a  quart  jar,  and  twenty  in  a  half-gallon  jar,  if  those  in  the  pint 
jar  died  in  twelve  hours,  I  expected  those  in  the  quart  jar  to  die  in 
twenty-four  hours,  and  so  on ;  but  they  did  not  observe  any  such 
regular  rules  in  dying. 

But,  notwithstanding  ray  great  disappointment,  I  kept  the  jars 
and  watched  them.  Those  in  the  breath  died  a  little  the  fastest ; 
but  very  soon  after  I  noticed  another  form  of  animal  life  in  the 
shape  of  maggots,  which  soon  attained  the  size  of  the  original  flies. 

Now,  as  these  bottles  were  perfectly  clean  and  corked  air-tight 
immediately  after  the  flies  entered,  how  did  those  maggots  get  there  ? 
I  leave  this  for  others  to  answer. 

Some  of  these  flies  lived  ten  days,  (there  would  be  but  one  or  two 
in  a  bottle  that  lingered  so  long,)  the  other  animal  life  lingered  some 
three  weeks.  These  bottles,  upon  being  opened,  emitted  a  horrid 
stench. 

But  the  bodies  of  the  flies  confined  in  the  pure  circulating  air 
never  had  the  least  unpleasant  odor,  were  never  touched  by  any 
insect,  and  three  months  after  their  bodies  were  just  as  bright  and 
clear  as  the  day  they  died.  Thus,  those  in  the  foul  air  lived  ten  times 
as  long  as  those  in  the  pure  air.  Now  the  practical  lesson  this  teaches 
is  what  I  before  asserted,  that  when  you  breathe  pure  air  you  live 
faster,  so  to  speak ;  you  are  much  more  lively ;  you  use  much  more 
exertion ;  but  all  this  exertion  requires  power,  and  universal  power 
requires  food. 

Now,  these  flies  in  the  circulating  pure  air  no  doubt  used  more 
exertion  or  did  more  work  in  the  few  hours  they  were  living  there 
without  food,  than  did  those  which  lived  ten  days — their  bodies 
were  so  thoroughly  used  up,  there  was  nothing  but  skin  and  bones 
left. 

This  explains  what  might  otherwise  seem  a  strong  argument 
against  breathing  pure  air. 

We  find  some  poor,  delicate  creatures  living  on  to  be  thirty,  forty, 
fifty,  sixty  and  even  seventy  years  old,  and  appear  to  be  a  perfect 
refutation  of  all  regular  physiological  rules ;  but  what  sort  of  lives 
do  they  live  ?  They  cannot  do  a  quarter  of  a  day's  work,  they  can 
scarcely  eat  a  quarter  of  a  full  ration,  and  if  they  have  existed  to 
an  old  age  they  oft-times  have  scarcely  done  the  work  of  a  quarter 
of  a  lifetime. 

And  thus  we  find  many  poor  pcoi)lc  living  in  poor,  unventilated 
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houses,  exist  sometimes  to  quite  an  advanced  age,  but  tliey  are  often 
sick  and  feeble. 

Therefore,  when  a  person  finds  he  cannot  earn  his  living,  or  if  he 
does  earn  it  he  is  sure  he  cannot  get  sufl&cient  food  to  eat,  he  had 
better  imitate  the  hybernating  animals  as  nearly  as  possible,  and 
get  into  some  close,  unventilated  place  and  lie  down  in  perfect 
quiet  and  repose — and  not  fret  at  all  and  he  will  then  be  able  to  get 
along  on  as  little  food  as  the  most  angelic  of  our  fashionable  belles 
could  desire  to  boast  of. 

(To  be  continued.) 


ON  THE  FUTURE  DEVELOPMENT  OF  SCIENTIFIC  EDUCATION  IN 

AMERICA. 

By  S.  Edward  Warren,  C.  E. 

(Prof,  of  Descriptive  Geometry,  &c.,  in  the  Bensselaer  Pol.  Inst.,  Troy,  N.  Y.) 

(Continued  from  page  351.)* 

My  last  paper  on  the  present  subject,  closed  with  a  proposal  to 
set  forth  a  typical  curriculum  for  a  scientific  institution,  possessing 
a  university  character,  in  the  American  sense,  of  containing  a  circle 
of  professional  or  technical  schools,  based  upon  a  fundamental  dis- 
ciplinary course,  mainly  composed  of  scientific  studies.  But,  in 
writing,  as  now,  in  a  summer  resort,  away  from  necessary  material 
for  reference,  it  is  impossible  to  do  this.  Besides,  it  appears  by 
trial,  that  various  preliminary  matters  yet  remain,  to  be  touched,  at 
least. 

We  must  first  introduce  a  few  elements  of  philosophy,  yet  so 
condensed  as  to  be,  so  to  speak,  conveniently  portable  for  ready  use. 

Fact  is  whatever  really  w,  in  distinction  from  what  might  be,  or 
is  supposed  to  he. 

The  two  great  comprehensive  and  antagonistic  facts  of  existence, 
arc  good  and  evil. 

Good  is  perfection  of  structure,  action  and  possession ;  or,  in 
other  words,  of  being,  doing  and  having.  External  possession,  or 
having,  is  objective  good,  and  in  its  perfection  is  the  source  of  the 
utmost  degree,  and  highest  kind  of  the  enjoyment  derivable  from 
external  things.  It  is  thus  a  natural  stimulus,  or  source  of  inspi- 
ration, which  reacts  upon  the  being  and  thence  upon  the  doing  of 

*  Correction. — On  p.  349,  line  12,  read  "industrial." 
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the  happ3'  possessor.  Tlie  acquired  mental  powers  resulting  from 
worthy  doing^  are  one's  subjective  having,  and  the  most  precious  of 
his  acquired  possessions. 

Beauty  is  not  something  else  than  good,  nor  a  mere  attribute 
of  good,  but  a  certain  relation  of  it.  It  is,  we  venture  to  say,  good, 
considered  as  spontaneously  self-expressive,  whether  living  or  abstract, 
spiritual  or  material,  partial  or  complete.  Thus,  when  we  say  that 
one's  spirit  or  life  is  full  of  beauty,  we  mean  that  it  is  not  sometliing 
unknowable,  hidden,  and  incapable  of  self-revelation,  but  something 
open  and  readable,  which  of  itself  alone,  that  is,  freely,  unconsciously, 
reveals  itself  as  good. 

The  rare  subtlety  and  elusive  delicacy  of  the  idea  of  beauty  makes 
it  unsafe  to  risk  a  bare  definition  of.it,  unsupported  by  illustration. 
We  therefore  dwell  upon  it  for  a  moment  in  the  latter  way.  And 
as  spiritual  beauty  is  of  the  highest  order,  a  simple  study  from  life 
may  afford  an  acceptable  illustration. 

The  ideal  of  a  man  is  that  he  should  be  the  perfected,  the  ripened 
sum  of  all  his  previous  states.  "When,  then,  I  look  into  the  face 
of  my  speaking  friend,  and  there  clearly  see  retained,  amidst  and 
under  firmer  lines  and  tones  of  growing  maturity,  all  the  freshness 
of  life  and  ardent  delight  in  it,  and  the  truthfulness  and  gentleness 
Of  sunny  childhood  and  gay  boyhood,  I  delight  in  the  beauty  con- 
sisting in  the  spontaneous  expression,  in  his  case,  of  the  ideal  good 
mentioned ;  and,  as  in  the  definition,  the  degree  of  beauty  depends 
on  the  fullness  with  which  that  truth  reveals  itself,  in  this  case,  on 
the  extent  to  which  the  man  has  retained  his  true  boyhood  in  and 
as  part  of  his  true  manhood. 

In  like  manner,  when  any  inanimate  object  is  called  beautiful,  it 
is  meant  that  it  suggests  or  expresses  elements  of  good  actually  or 
possibly  in  the  being  and  mental  or  manual  working  of  the  designer 
and  maker  on  in  life  generally.  Thus,  a  partially  concealed  di.soord, 
naturally  leading,  according  to  the  laws  of  harmony  written  upon 
the  mind,  to  a  full,  rich,  and  perfect  concord,  expresses  the  good  of 
temporary  and  unpromising  conflict,  resolving  itself  to  the  heart  of 
hope  and  faith  into  a  happy  conclusion.  Again:  the  horizontal 
direction,  with  the  great  weight  of  the  main  branches  of  an  oak, 
suggest  the  good  of  vigorous,  inward  might,  abundantly  adequate 
for  self-support  under  the  greatest  stress  of  circumstances  and  pres- 
sure of  outward  conditions.  Moreover,  both  of  these  expressions  of 
particular  forms  of  abstract  good,  or  good  elements  of  being  or  life, 
further  suggest  a  living  one ;  as  the  composer  of  the  harmony  by 
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whom  the  elements  of  good  expressed  were  conceived  of  and  appre- 
ciated, or  in  whom,  as  in  the  creator  of  the  oak,  they  resided. 

Truth  is  good  considered  as  universally  agreeing  with  itself  in 
all  its  forms,  so  that  when  one  form  exceeds  the  point  up  to  which 
it  graces  or  assists  some  higher  good,  it  then  ceases  to  be  a  good. 
Otherwise:  truth,  abstractly,  is  agreement  with  fact;  in  life,  it 
is  thought,  action,  expression,  agreeing  with  fact. 

Eight  is  the  means  for  the  attainment  of  good;  the  path  to 
attainable  good.  To  handle  any  tool  in  the  right  way,  is  to  handle 
it  so  as  to  accomplish  what  the  tool  is  meant  to  accomplish.  And 
actions,  generally,  2lvq  right  when  they  serve  to  perpetuate  or  pro- 
duce any  real  good. 

Thus  good  is  the  grandest  and  most  central  of  all  abstract  terms, 
and  one  to  which  the  trio,  irue^  beautiful  and  right^  cling  in  close  and 
happy  relation. 

Passing  now  from  these  abstract  elements  to  the  life  in  which 
they  are  to  be  realized,  we  have  to  consider  the  outlines  of  the  con- 
stitution of  man,  that  we  may  have  in  mind  some  guiding  princi- 
ples in  composing  a  course  of  studies  for  the  training  of  his  being. 

Man  is  primarily  a  union  of  matter  and  mind,  of  body  and  spirit, 
and  such  a  union  that  the  highest  earthly  well  being  of  each  is  in- 
volved in  that  of  the  other.  Moreover,  as  the  bodily  wants  are 
earliest  expressed  and  most  immediately  imperative,  we  have  in  this 
fact  the  sure  ground  for  the  instinctive  demand  for  the  sound  body 
first,  as  the  due  lodgment  and  instrument,  too,  of  the  sound  mind. 

The  body  being  at  once  the  temple  and  servant  of  the  minister- 
ing and  governing  spirit,  the  elements  in  the  latter  are  chief  in 
interest  and  importance. 

In  the  spirit  there  is  found,  fundamentally,  conscious  life,,  with 
reason,  or  the  sense  of  first  truths,  or  axioms  and  primary  ideas,  as 
of  space,  &c.,  for  its  appointed  guide,  and  will,  or  the  power  of 
choice,  as  its  appointed  sovereign ;  that  is,  in  both  cases,  as  against 
the  mere  declaration  or  dictation  or  interference  of  other  like  spirits, 
but  ever  in  unmingled  deference  to  the  Supreme  Creating  Spirit. 

Within  the  reason  are  common  sense,  by  which,  for  lack  of  another 
term,  is  here  meant  the  sense  of  the  distinction  of  true  and  false ; 
taste,  or  the  sense  of  the  distinction  of  beauty  and  ugliness ;  and 
conscience,  often  expressly  called  the  moral  reason,  or  the  sense  of 
the  distinction  of  good  and  evil,  and  of  right  and  wrong  as  the 
means  to  each. 

(To  be  continued.) 
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Lessons  in  Elementary  Chemistry^  Inorganic  and  Organic.  By 
Henry  E.  Roscoe,  B.  A.  F.  R.  S.,  Prof,  of  Chemistry  in  Owen's 
College,  Manchester.  Published  by  William  Wood  k  Co.,  61 
Walker  Street,  New  York.  Lindsay  k  Blakiston. 
This  work  is  a  re-print  from  the  English  edition,  of  which  a  brief 
but  rather  severe  notice  was  made  in  this  Journal  some  time  since, 
by  one  of  our  contributors. 

The  present  publishers  have  followed,  in  style  and  general  ar- 
rangement, the  foreign  edition,  but  seem  to  have  taken  more  care 
with  the  execution  of  the  work.  Thus,  while  the  engravings  are 
as  unartistic  and  rough  as  before,  the  paper  and  printing  are 
excellent. 

The  book  is  of  a  convenient  size,  is  neatly  bound,  and  very  suit- 
able as  a  text-book  on  chemistry,  according  to  the  new  theory  and 
nomenclature. 

It  is  arranged  somewhat  on  the  inductive  method;  laws  and 
theories  being  distributed  here  and  there,  as  developed  by  the  facts 
and  reactions  discussed.  According  to  our  own  notion,  this  is  less 
efficient  for  purposes  of  instruction,  than  a  systematic  arrangement 
of  laws  first,  and  facts  afterwards ;  but  this  is  a  subject  on  which 
great  diversity  of  opinion  exists,  and  our  author  has  abundant  sup- 
port in  the  way  of  example  in  his  view  of  the  subject.  For  those 
desiring  a  concise  compendium  of  elementary  chemistry  in  its  new 
shape ;  this  work  will  prove  very  useful. 


A  System  of  Instruction  in  the  practical  use  of  the  Blow-pipe;  being 
a  graduated  course  of  analysis  for  the  use  of  students  and  all  those 
engaged  in  the  examination  of  metallic  combinations.  Second 
edition.  With  an  appendix  and  a  copious  index.  By  G.  W. 
Plympton,  A.  M.,  Prof,  of  Physical  Science  in  the  Polytechnic 
Institute,  Brooklyn.  Published  by  D.  Van  Nostrand,  102  Broad- 
way, N.  y.     J.  B.  Lippincott  k  Co. 

In  addition  to  the  title  given  at  length  above,  it  is  only  necessary 
to  state  that  this  book  is  brought  out  by  its  publishers  in  a  good 
substantial  form,  and  that  it  differs  from  the  classical  works  on  this 
subject,  such  as  those  of  Berzelius  and  Plattner,  chiefly  in  a  greater 
simplicity  and  compactness,  and  in  the  introduction  of  the  latest 
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discoveries  and  new  modes  of  testing,  whicli  liave  been  applied  in 
blow-pipe  analysis. 

The  work  is,  as  its  author  states,  chiefly  a  compilation  from 
Scheerer  and  Plattner,  which  shows  it  to  be  reliable,  and  is  evi- 
dently well  arranged ;  while  the  fact  of  its  reaching  a  second  edition 
in  a  year,  speaks  highly  for  its  usefulness  and  value  in  the  eyes  of 
those  most  interested. 


The  Gas  Works  of  London.   By  Zerah  Colburn,  C.  E.   Published  by 

D.  Van  Nostraud,  192  Broadway,  New  York.     For  sale  by  J.  B. 

Lippincott,  Philadelphia. 

This  little  book  of  some  86  pages,  is  of  course  far  from  being  a 
thorough  treatise  on  the  important  industry  of  gas  manufacture,  but 
it  does  contain  much  special  and  exact  information  on  the  details 
of  the  process,  not  included  in  any  other  book. 

It  is,  in  fact,  a  reprint  of  certain  articles  published  in  The  Engi- 
neer during  1862,  with  additions  and  re-arrangement.  Being  thus 
prepared  by  one  on  the  ground,  and  famished  equally  with  the 
means  of  acquiring  exact  information,  and  the  ability  of  giving  ex- 
pression to  the  facts  obtained,  it  could  not  fail  to  be  what  its  peru- 
sal demonstrates  it,  a  work  of  great  value  to  all  engaged  in  the 
business  of  which  it  treats. 


A  Treatise  on  the  Metallurgy  of  Iron^  containing  outlines  of  the  his- 
tory of  iron  manufacture,  methods  of  array  and  analysis  of  iron 
ores,  processes  of  manufacture  of  iron  and  steel,  &c.,  &c.  By  11. 
Bauerman,  F,  G.  S.,  Associate  of  the  Eoyal  School  of  Mines. 
First  American  edition  revised  and  enlarged;  with  an  appendix 
on  the  Martin  Process  for  making  steel,  from  the  report  of  Abram 
S.  Hewitt,  U.  S.  Com.  to  the  Universal  Exhibition.  Published 
by  D.  Van  Nostrand,  192  Broadway,  New  York.  For  sale  by  J. 
Pennington,  Philadelphia. 

We  can  cordially  recommend  this  volume  as  a  full  and  concise 
discussion  of  the  subjects  enumerated  above.  Containing  but  400 
small  octavo  pages,  it  of  course  does  not  compare  in  fullness  of 
detail  and  extent  of  discussion  with  such  a  work  as  Percy's ;  but 
for  that  very  reason  will  commend  itself  to  many  who  do  not  care 
to  study  the  history  of  the  various  improvements  in  iron  manufac- 
ture, but  are  contented  with  the  results,  and  to  whom  the  relatively 
trifling  cost  of  this  work  would  be  an  object. 
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The  Institutes  of  Medicine.  By  Martyn  Payne,  A.  M.  M.  D.,  L.  L.  D. 

Eighth  edition.     Harper  &  Brothers,  New  York.     Lindsay  & 

Blakiston,  Philadelphia. 

This  work  is  one  of  great  size,  containing  1,145  quarto  pages, 
and  that  it  should  have  reached  eight,  and  in  fact,  nine  editions  (two 
editions  notably  different,  having  by  some  chance  been  published  as 
the  seventh),  is  a  valuable  and  irrefutable  testimony  to  its  worth. 

The  subjects  treated  in  this  work  are  not  such  as  we  feel  our- 
selves competent  to  discuss,  and  we  therefore  leave  the  matter  with 
the  above  statement  as  embodying  the  practical  and  sincere  judgment 
of  those  most  competent  and  interested  during  past  years,  and  simply 
add  that  the  work  has  been  put  in  excellent  and  substantial  form  by 
its  present  publishers  in  this  edition,  with  respect  to  paper,  typo- 
graphy and  binding. 


The  Merchants''  and  Bankers'  Almanac  for  1868.    Price  two  dollars. 

Published  at  No.  41  Pine  Street,  New  York. 

Contains  the  monthly  prices  for  forty  years,  at  New  York,  of  the 
following  articles : 

Bar  iron,  sheet  iron,  pig  iron,  pig  copper,  anthracite  coal,  coffee, 
cotton,  wool,  wheat,  rye,  corn,  oats,  hops,  molasses,  sugar,  pork. 

The  grain  products  (quantity,  acreage  and  value)  of  every  State 
in  the  Union — corn,  wheat,  rye,  oats,  barley,  buckwheat,  potatoes, 
hay  and  tobacco — years  1865,  1806. 

Also,  the  monthly  prices  of  ninety  staple  articles  at  New  York, 
1867. 

Also  contains: — 1.  List  of  1,650  National  Banks;  300  State 
Banks;  1,400  Private  Bankers  in  the  United  States;  Banks  and 
Bankers  in  Canada;  1,200  'Bankers  and  Brokers  in  New  York 
City,  including  names  of  members  of  the  New  York  Stock  Ex- 
change. 2.  The  Open  Board  of  Brokers.  3.  The  Gold  Board. 
4.  The  Mining  Board ;  Annual  Reports  on  Banks,  Coinage,  and 
ninety  Staple  articles;  Capital,  Circulation  and  Profits  of  each  Bank 
in  New  York  City.  Also,  a  list,  recently  compiled,  of  the  Marine, 
Fire,  and  Life  Insurance  Companies  in  the  United  States  (eight 
hundred  and  twenty-seven  in  number),  with  the  names  of  President 
and  Secretary  of  each,  and  the  capital  (or  assets)  of  each  in  1867. 
The  daily  price  of  Gold  at  New  York,  1862  to  1867 ;  Alpha- 
betical List  of  2,000  Cashiers;  and  Engravings  of  New  Bank 
Buildings. 
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A  CoMPAKisoK  of  some  of  the  Meteorological  Phenomena  0/ J.ULY,  1868,  with  those 
of  July,  1867,  and  of  the  same  month  for  eiguteex  years,  at  Philadelphia,  Fa. 
Barometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude  3'J°  57V 
N.-  Longitude  lb°  Wy  W.  from  Greenwich.  By  Prof.  J.  A.  Kirkpatrick, 
of  the  Central  High  School. 
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ITEMS  AND  NOVELTIES. 

Soda  Water  Apparatus. — We  spent  an  evening  very  pleasantly, 
some  \veek3  since,  at  the  Conversazione  of  the  American  Pharma- 
ceutical Society,  which  was  held  in  the  new  building  of  the  College 
of  Pharmacy  in  this  city.  Among  the  many  pieces  of  apparatus  and 
products  of  manufacture  exhibited  on  that  occasion,  nothing  will,  we 
think,  be  of  more  interest  to  our  readers,  than  the  various  machinery 
connected  with  the  manufacture  and  storage  of  soda  water  (so  called), 
or  more  strictly  water  holding  in  solution  carbonic  acid  under  pres- 
sure. The  most  complete  collection  of  this  apparatus,  was  that  sent 
by  Mr.  John  Matthews,  of  New  York,  and  we  shall  proceed  to 
describe  some  of  the  more  prominent  features  and  interesting 
novelties  there  represented. 

When  the  father  of  Chemistry,  Dr.  Priestly,  writing  about  1772 
(see  his  "Experiments  on  Difl'erent  kinds  of  Air,"  Vol.  I.  p.  52),  sug- 
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gested  the  application  of  water,  charged  with  carbonic  acid  and  with 
salts  in  solution,  as  a  substitute  for  the  natural  waters  of  Pyrmont 
and  Seltzer,  and  also  the  charging  of  wines  with  the  same  gas,  he 
could  certainly  have  little  imagined  to  what  this  fertile  idea  would 
grow.  Grow,  however,  it  did,  in  all  parts  of  the  world,  and  in  none 
more  than  our  country,  where,  as  an  illustration,  it  has  been  com- 
puted that  in  New  York  alone,  on  a  hot  summer's  day,  more  than 
one  million  of  bottles  of  this  material  are  consumed. 

The  forms  of  apparatus  which  are  in  use  for  the  production  of 
soda-water,  may  be  divided  into  two  classes,  those  in  which  the 
carbonic  acid  is  first ^^ollected  in  a  gas  holder,  and  then  by  means 


1-7^.  J.  Ti</.2. 

of  a  pump  forced  into  a  strong  vessel,  in  which  it  is  absorbed  by 
the  water  there  placed ;  and  those  in  which  the  gas  is  generated  in 
strong  vessels,  in  which  it  establishes  a  great  pressure  by  its  expan- 
sion in  being  evolved  from  the  ingredients  used,  and  then  is  simply 
allowed  to  flow  into  the  charging  vessel,  where  it  comes  into  con- 
tact with  the  water  and  is  absorbed  by  reason  of  the  self-generated 
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pressure  above  mentioned.  The  first  of  these  is  the  process  gene- 
rally followed  abroad,  while  the  second  is  that  employed  in  this 
country.  Mr.  Matthews  produces  apparatus  of  both  kinds,  which 
we  will  describe  in  order. 

In  the  first  place,  as  regards  that  which  may  be  called  the  Euro- 
pean apparatus,  and  which  in  its  original  form,  will  be  found  very 
well  described  in  the  Chimie  Industriel^  of  Payen,  but  which  in  the 
present  case,  has  received  many  improvements,  leading  to  increased 
strength,  economy,  durability,  and  the  avoidance  of  leakage,  as  will 
be  understood  from  the  following  description : — 

In  the  accompanying  engravings.  Fig.  1  is  a  vertical  section,  and 
Fig.  2  is  a  perspective  view  of  the  apparatus,  bearing  at  its  top  a 
table,  B,  on  which  is  secured  the  condenser  or  reservoir,  c,  for  hold- 
ing the  carbonic  acid  gas  and  water  mixed  therein,  and  which  reser- 
voir, by  the  present  improvement,  is  made  free  from  all  joints  below 
its  water-line,  the  average  level  of  which  is  indicated  by  a  in  Fig. 
1.  Inserted  through  the  table,  B,  may  be  tubes,  m  and  n,  for  at- 
tachment of  the  usual  bottling-nipple,  the  pressure-guage,  T,  and 
safety-valve,  s.  Connected  with  the  lower  portion  of  the  frame  is 
a  stationary  hollow  plunger,  D,  communicating  below  by  a  branch 
h^  with  a  valve-box,  E,  the  valve,  c,  of  which  is  arranged  to  open 
upwards  and  control  the  suction  by  a  passage,  cZ,  through  branches, 
e  and/,  one  serving  as  the  induction-pipe  for  the  water,  and  the 
other  for  the  carbonic  acid  gas,  which  may  be  received  from  any 
suitable  reservoirs.  F  is  the  working  cylinder  which  plays  up  and 
down,  over  or  outside  of  the  stationary  plunger,  D,  and  is  connected 
so  as  to  be  operated  by  a  reciprocating  yoke,  g,  which  is  driven  by 
any  suitable  power  through  the  crank,  H,  and  having  play  in  an 
oblong  slot,  g^  of  the  yoke.  The  cylinder,  F,  is  provided  at  its  upper 
end  with  a  delivery  valve,  ^,  which  in  the  descent  of  the  cylinder 
allows  of  the  gas  and  water  entering  in  at  the  up-stroke  of  the  cyl- 
inder, through  or  beneath  the  valve,  c,  of  the  plunger,  d,  to  be  for- 
cibly expelled  through  a  branch,  i,  and  vertical  discharge-pipe,  J, 
through  perforations,  s,  into  the  reservoir,  c.  The  plunger,  i>,  and 
cylinder,  f,  act  as  a  lower  guide  to  this  reciprocating  arrangement, 
while  the  pipe,  J,  working  through  a  stuffing-box,  /,  in  the  table,  B, 
of  the  reservoir,  operates  as  an  upper  guide: 

K  is  a  valve  for  shutting  oflf  communication  between  the  pump 
and  reservoir  c,  when  necessary  for  repairs  of  the  valves  or  other 
purpose,  while  the  reservoir  is  full  or  under  pressure.   The  gas  and 
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water  forced  out  througli  the  perforations,  s,  daring  the  action  of  the 
pump,  are  admitted  to  the  reservoir,  c;  and  to  effect  the  mixture 
of  the  gas  and  water,  two  volutes,  l  and  M,  also  shown  in  Figs.  3 
and  4,  are  attached  to  the  reciprocating  discharge-pipe,  J,  where  it 
projects  within  the  reservoir,  c,  the  volute,  L,  as  it  rises,  causing  the 
gas  to  work  spirally  outwards  and  passing  up  under  the  upper 
volute,  M,  which  works  in  an  opposite  direction,  and  finally  escapes 
by  a  central  orifice.  By  means  of  these  volutes,  an  effectual  agita- 
tion of  the  water  is  kept  up,  and  a  thorough  mixing  of  the  gas  with 
the  water  produced  as  they  are  worked  up  and  down  within  the 
reservoir,  c.  ' 

Among  the  advantages  which  are  claimed  for  this  improved  appa- 
ratus, are  dispensing  with  all  joints  above  the  water-level  in  the 
reservoir,  c,  the  importance  of  which  will  be  readily  understood, 
when  the  great  pressure  of  the  gas  contained  in  the  reservoir  is 
considered,  and  the  difficulty  that  exists  in  making  a  joint,  above 
the  water-level,  tight  against  the  escape  of  gas ;  the  pump,  aided 
in  its  descent  or  discharging  stroke  by  the  pressure  of  the  gas  or 
gas  and  water,  contained  in  the  reservoir,  acting  on  the  head  of  the 
discharge-pipe ;  the  pump  is  aided  in  producing  further  compres- 
sion or  condensation  by  the  pressure  previously  effected  by  it,  as 
where  the  pump  is  merely  used  to  force  in  the  water,  the  same,  s, 
assisted  in  supplying  the  reservoir,  c,  by  the  pressure  of  the  gas 
separately  admitted.  In  addition  to  those  advantages,  is  the  great 
simplicity  of  the  working  parts  and  steadiness  of  the  action  as  pro- 
duced by  the  reciprocating  cylinder,  F,  on  the  plunger,  D,  and  dis- 
charge-pipe, J,  through  the  bottom  of  the  reservoir,  the  distance 
apart  of  the  guides  to  the  pump  aiding  in  this  result,  and  the  recip- 
rocating action  of  the  pipe  on  the  connection,  J,  in  a  longitudinal 
direction  being  preferable  to  a  rotary  one  for  working  the  agitator, 
as  offering  greater  security  against  leakage  at  the  stuffing-box. 

The  process  which  we  may  call  the  American  method,  is  also 
illustrated  by  another  of  the  forms  of  apparatus  constructed  and 
improved  by  Mr.  Matthews,  of  which  we  have  a  very  clear  repre- 
sentation in  Fig.  5. 

The  goblet-shaped  vessel  to  the  left  of  the  cut  is  charged  with 
sulphuric  acid  (commonly  called  oil  of  vitriol),  which  by  means  of 
a  valve  operated  by  the  lever  shown  at  the  top,  can  be  made  to  flow 
as  required  through  the  connecting  neck,  12,  into  the  large  cylindri- 
cal vessel  below. 
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In  this  vessel  is  previously  placed  (by  means  of  the  opening  at 
10  closed  by  a  screw  plug)  a  quantity  of  pulverized  marble  (carbon- 
ate of  lime),  or  other  alkaline  carbonate,  by  reaction  with  which 
the  sulphuric  acid  forms  sulphate  of  lime,  or  of  the  other  base,  and 


Fijr.  5. 


sets  free  the  carbonic  acid,  before  in  combination.  U  iii.s  carbonic 
acid  gas  then  passes  by  the  tube  14  into  the  second  vessel,  (/,  where 
it  bubbles  through  a  small  quantity  of  water,  by  which  it  is  washed 
clear  of  acid  spray,  or  other  impurity. 

At  the  point  5,  where  the  tube  enters  this  vessel,  two  branches 
are  taken  off,  one  to  the  guage  (3),  which  indicates  tlie  amount  of 
pressure  produced,  and  so'JDrevents  risk  of  accident,  and  the  other, 
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c,  to  the  sulphuric  acid  vessel,  to  establish  an  equilibrium  of  pres- 
sure, so  that  the  acid  may  flow  through  the  valve.  From  the  wash- 
ing vessel,  c  (which  only  rests  on  the  cylinder,  and  has  no  commu- 
nication with  it  at  13),  the  gas  passes  into  the  fountain  or  large 
eliptical  vessel  to  the  right,  which  has  previously  been  filled  two- 
thirds  full  of  pure  water,  or  with  such  a  solution  or  liquid  as  it  is 
desired  to  charge  with  gas,  and  is  there  absorbed  by  the  fluid;  this 
action  being  facilitated  by  a  brisk  rocking  of  the  vessel  on  its 
trunnions,  and  consequent  agitation  of  its  contents. 

To  the  extreme  right,  is  seen  a  pump,  by  which  water  may  be 
forced  into  the  fountain  even  when  it  is  under  pressure,  from  a 
remaining  quantity  of  charged  water  and  gas,  or  by  which  gas  may 
also  be  pumped  when  required. 

These  pumps,  of  which  a  more  complete  drawing  is  shown  in  Fig, 
6,  are  of  a  very  simple,  enduring  and  efficient  character^  and  beside 
their  regular  use,  have  been  applied  with  great  success  in  compress- 
ing oxygen  and  illuminating  gases  into  iron  reservoirs,  for  use  in 

the  production  of  the  lime 
light. 

Another  of  the  ingenious 
contrivances  which  were  ex- 
hibited by  Mr.  Matthews  on 
the  occasion  above  mention- 
ed, was  the  arrangement  of 
bottles  for  liquids  under  pres- 
sure. 

Every  one  has  remarked 
the  great  waste  of  corks 
which  is  constantly  going 
on,  and  the  constant  depre- 
ciation of  that  material,  (the 
result  of  an  excessive  de- 
mand,) causing  great  loss 
by  leakage.  This  very  seri- 
ous difficulty  has  been  met 
in  the  following  way.  A 
glass  cork,  with  a  head  of 
india  rubber,  as  shown  in 
Fig.  7,  is  introduced  into  the  bottle,  which  is  then  filled  with  the 
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soda  water  in  an  inverted  position.     The  stopper  thus  lies  with 

its  glass  point  downward  in  the 
neck  of  the  bottle,  and  as  soon  as 
the  external  pressure,  by  which 
the  liquid  is  introduced,  is  with- 
drawn, the  internal  pressure  forces 
the  stopper  out  of  the  neck  until 
it  is  arrested  by  the  projecting 
rubber  head,  which  makes  tight 
joint  in  the  neck  of  the  bottle. 
"When  the  bottle  is  to  be  opened, 
a  smart  blow  upon  the  projecting 
stopper,  (see  Fig.  8),  the  bottle 
standing  erect,  drives  it  down 
inside,  and  the  liquid  may  be  all 
poured  out,  or  its  flow  arrested, 
by  inverting  the  bottle,  when  the  stopper  will 
again  fall  into  place. 

Our  limits  forbid  us  to  say  more,  here,  but  in 
our  next  number,  we  will  describe  some  other 
valuable  improvements. 
Centrifugal  Pumps. — In  a  paper  read  at  the  late  meeting  of 
the  British  Association  by  Mr.  Gwynne,  on  the  above  subject,  it  was 
stated  that  practice  had  shown  that  the  most  important  requisites  to 
secure  a  successful  and  economical  result  from  the  use  of  such  appa- 
ratus, were  thefollowing:  In  the  first  place,  uniformity  of  crosssection 
in  all  passages  and  connections;  and  secondly,  the  avoidance  of  all 
sudden  changes  of  direction.  With  regard  to  the  first  point  it  had 
been  shown  by  experiment,  that  not  only  were  contractions  detri- 
mental to  the  rapid  discharge  of  a  liquid  through  a  pipe,  as  might 
be  assumed  naturally,  but  that  enlargements  were  likewise  prejudi- 
cial. Thus  the  investigations  of  Bossict  had  shown,  that  in  a  case 
where  4  cubic  feet  of  water  were  discharged  by  a  regular  pipe  in 
109  seconds,  when  a  tube  of  the  same  size,  but  with  one  enlarge- 
ment was  substituted,  it  required  147  seconds  to  discharge  the  same 
volume  of  water.  With  three  enlargements,  192  seconds  were 
required;  and  with  five  enlargements  240  seconds.  This  interfe- 
rence is  undoubtedly  due  to  the  eddies  and  counter-currents  as  well 
as  to  changes  in  velocity  which  are  induced  by  such  irregularities. 
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The  Geoselenean. — At  the  present  day,  when  the  range  of  our 
knowledge  on  all  subjects  is  so  rapidly  increasing,  anything  which 
honestly  facilitates  the  acquirement  of  information  in  those  branches 
which  are  essential  to  a  sound  and  liberal  education,  is  of  great 
value,  because  it  renders  possible  the  attainment  of  more  than  could 
otherwise  be  learned,  and  makes  it  possible  for  the  general  student 


to  keep  up  with  the  progress  of  the  age.  For  this  reason  we  are 
glad  to  draw  attention  to  a  new  instrument,  which  is  a  modification 
of  the  well  known  Orrery  devised  by  Mr.  James  G.  Moore,  and 
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embodying  many  features  and  the  means  of  clearly  illustrating 
many  facts,  not  found  in  the  old  im>trument. 

This  apparatus  exhibits,  by  an  absolute  physical  demonstration, 
many  of  those  complete  phenomena  connected  with  the  motion  of 
the  moon,  earth  and  planets,  which  can  thus  be  appreciated  almost 
at  a  glance  and  adhere  spontaneously  in  the  memory,  but  which, 
without  such  aid,  can  hardly  be  grasped  by  ordinary  minds,  even 
with  persistent  eflbrt,  and  are  then  likely  to  be  as  difficult  to  retain 
in  the  memory,  as  to  secure. 

The  accompanying  figure  shows  the  general  appearance  of  the 
apparatus,  which  it  would  be  out  of  place  for  us  to  descrbe,  since 
its  essential  feature  is,  as  we  have  stated,  the  doing  away  with  de- 
scriptions by  exhibiting  the  very  phenomena  in  question.  (See  ad- 
vertisement on  another  page.) 

Mr.  Eads'  Keport  on  the  lUinois  and  St.  Louis  Bridge.— 
{ERRATA.) — In  the  notice  of  this  report,  which  appeared  in  our 
last  issue,  a  strange  mistake  occurred,  in  a  curious  way.  "We 
marked  on  the  margin  of  page  51,  near  the  top,  for  insertion,  the 
following : — 

"  Enough  is  known,  however,  to  assure  us  that  the  limit  of  elas- 
ticity is  higher  in  compression  than  in  tension,  and  if  it  were  no 
greater,  we  cannot  avail  ourselves  of  more  than  50  or  60  per  cent, 
of  this  limit  in  tension,  while  the  whole  of  it  can  safely  be  utilized 
in  compression."  The  ink,  however,  soaking  through  the  leaf  to 
the  other  side,  caused  a  similar  mark  to  appear  upon  another  sen- 
tence exactly  corresponding  in  position  and  length,  and,  moreover, 
in  general  style  and  wording,  except  that  it  conveyed  an  almost 
opposite  idea.  This  side  of  the  leaf  was,  by  ill  luck,  copied  in 
place  of  the  other,  and  w^e  are  thus  made  to  stultify  our  assertion 
by  the  quotation  of  what  precisely  does  not  prove  it. 

If  our  readers  will,  however,  substitute  the  above  quotation  for 
the  one  found  on  page  150,  our  common  sense  will  be  vindicated. 

We  also  observe  that  our  compositor  has  thought  good  to  insert 
an  "s"  in  the  word  "decrying,"  and  thus  again  invert  our 
meaning.  We  liave  every  wish  to  "  descry  "  Mr.  Eads'  bridge  span- 
ning the  Mississippi  at  an  early  date. 

Universal  Milling  Machine  of  the  Brown  &  Sharpe  Manufac- 
turing Co.,  Providence,  K.  I. 

In  the  accompanying  wood-cut,  we  illustrate  this  piece  of  appa- 
ratus, of  which  we  have  heard  very  favorable  accounts  from  many 
Vol.  LVI.— Third  Skribs— No.  4.— Octohkr,  l.^C*.  12U 
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of  our  Philadelpliia  machiuists  who  have  it  in  use,  among  whom 
we  may  enumerate  Messrs.  Wm.  Sellers  &  Co.,  Bement  &  Dougherty, 
Cresson  k  Smith,  Morris,  Tasker  &  Co.,  Henry  Diston,  and  others- 

This  machine  is  adapted 
to  the  making  of  many  tools 
required  by  gun  makers 
and  machinists,  such  as 
twist-drills,  mills  of  all 
shapes,  with  straight  or 
spiral  teeth,  and  cutters  for 
gear  and  other  work.  It 
will,  moreover,  cut  a  taper- 
ing or  conical  mill,  with 
right  or  left  hand  spiral 
teeth,  and  will  supply  the 
place  of  the  common  index 
milling  machine. 

In  the  upper  part  of  the 
cast  iron  frame  is  the  main 
arbor,  made  of  steel,  with 
bearings,  which  may  be  adjusted  to  take  up  wear. 

On  the  front  of  the  frame  slides  a  knee,  controlled  in  vertical 
movement  by  a  screw  operated  by  a  bevel  gear  and  crank  in  front, 
and  having  also  a  stop-motion,  which  limits  the  rise  and  fall  of  the 
knee,  and  thus  regulates  the  depth  of  the  milling.  On  the  top  of 
the  knee  is  a  slide  moving  toward  and  from  the  main  arbor,  and  on 
this  is  a  rotating  plate,  with  a  graduated  arc  and  means  of  clamping 
firmly  to  the  slide. 

In  this  also  slides  the  long  carriage,  shown  in  position  by  the 
cut,  which  is  operated  by  a  long  screw  and  handle  at  one  end, 
which  is  also  capable  of  being  driven  from  the  feed  cone  by  a  small 
shaft  with  two  Hook's  joints.  By  this  means  the  carriage  may  be 
fed  at  any  angle.  At  one  end  of  the  carriage,  the  right  side  of  the 
cut,  is  a  stand,  sliding  in  a  groove,  with  a  centre  in  its  top. 

At  the  opposite  end  is  seen  a  head,  having  a  hollow  arbor,  in 
which  a  centre  can  be  placed.  Between  this  and  the  centre  of  the 
stand,  the  work  to  be  milled  is  placed,  and  any  spiral  or  the  like 
can  be  made  by  means  of  the  index  on  the  side  of  the  head,  which 
is  connected  with  the  arbor  by  two  mitre  gears,  a  worm,  and  a 
worm  wheel.  The  arbor  in  this  head  can  also  be  connected  with 
the  screw  that  gives  motion  to  the  carriage. 
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The  interior  part  of  the  head  supporting  the  arbor  can  be  raised 
and  set  to  any  angle,  thus  rendering  the  cutting  of  tapering  spirals 
as  easy  as  straight  ones. 

A  small  universal  chuck  (shown  on  the  ground  in  the  figure)  is 
made  to  screw  on  the  arbor,  and  is  useful  in  cutting  face  mills  or 
other  like  work. 

Shaw's  Lock-Nut  Washer. — Among  the  many  attempts  to 
secure  nuts  upon  bolts,  one  of  those  which  combine  simplicity 
and  efficiency  in  an  eminent  degree,  is  that  mentioned  above.  Thi.-r 
device  consists  of  an  ordinary  plain  washer  constructed  of  steel,  cut 
through  one  side,  and  bent  so  as  to  represent  one  coil  of  a  spiral, 
the  flat  edges  of  which  come  first  in  contact  with  the  nut.  These 
are  made  sharp,  and  the  coil  is  in  a  direction  that  permits  the 
nut  to  revolve  over  it  when  being  made  tight ;  but  the  edge  of  the 
washer  catches  into  the  nut  when  turned  back,  with  sufficient  power 
to  prevent  the  nut  from  turning  on  its  own  account,  though  it 
yields  to  the  force  of  a  wrench. 

The  advantages  claimed  for  this  method  of  locking  nuts  are  free- 
dom from  any  ragged  points  to  surround  the  nut;  the  rendering  use 
of  two  nuts  no  longer  necessary;  the  dispensing  with  pins  and  keys ; 
and  last,  but  not  least,  the  doing  away  with  destructive  riveting  of 
bolts,  thus  oft'ering,  in  many  cases,  at  once  a  better  and  a  cheaper 
method.  Those  connected  with  railroads  will  be  quick  to  perceive 
the  advantage  of  this  improvement  as  one  compatible  with  safety 
and  economy.  Messrs.  Furbush  k  Gage,  Office  118  Market  Street, 
Philadelphia ;  Manufactory,  Camden,  N.  J.,  are  the  manufacturers 
of  this  article  for  railroads  and  other  purposes,  from  whom  any 
further  information  can  be  had. 

Dynamite. — The  wonderful  results,  as  regards  increase  in  pro- 
gress and  reduction  of  cost,  which  have  been  attained  with  Nitro- 
Glycerine  make  its  employment  in  all  extensive  blasting  operations 
of  the  greatest  importance;  but,  at  the  same  time,  the  terrible  and 
in  many  cases  inexplicable  cases  of  explosion  during  or  after  tran- 
sit which  have  occurred  within  a  short  time,  do  and  ought  to  check 
this  otherwise  desirable  application  of  a  new  agent  whose  power  is 
unparalleled. 

Under  these  circumstances,  we  read  with  pleasure,  an  account 
which  was  given  before  the  British  Association  by  Mr.  Nobel,  of  a 
simple  modification,  or,  rather  mixture,  of  this  substance,  which 
seems  likely  to  rob  it  of  its  dangerou.«,  while  leaving  unimpaired 
all  its  useful,  properties. 
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When  nitro-glycerine  is  mixed  with  one-fourtb  of  its  bulk  of 
porous  silica,  we  are  told  that  a  soft  solid,  somewhat  of  the  consist- 
ency of  tempered  clay,  is  produced,  to  which  the  name  dynamite 
has  been  given.  What  this  porous  silica  may  be,  we  are  not  told, 
though  it  is  evident  that  a  mistake  has  been  made  in  some  foreign 
journals,  where  it  is  described  as  sand  or  gravel,  25  per  cent,  of 
which,  added  to  such  a  liquid  as  nitro-glycerine,  would  certainly 
not  bring  it  to  the  condition  described.  The  great  element  of  secu- 
rity which  is  introduced  by  this  simple  change  of  form,  consists  in 
the  avoidance  of  leakage,  which  it  appears  in  practice  almost  im- 
possible to  prevent,  y{h.\\e  the  substance  is  in  its  fluid  state,  and 
which,  by  exposing  this  material  in  a  shape  most  favorable  to  all 
decomposing  actions,  to  the  influences  of  the  air,  of  heat,  of  percus- 
sion, and  of  friction,  may  be  regarded  as  the  primary  cause  of  all 
the  terribly  destructive  accidents  which  have  occurred  with  this 
material. 

This  will  explain  the  strange  inconsistency  which  all  have  no 
doubt  remarked  between  the  reported  properties  of  nitro-glycerine, 
as  described  by  those  most  familiar  with  its  manufacture  and  use, 
and  the  actual  properties  which  it  has  occasionally  exhibited.  In 
fact  the  two  classes  of  properties  have  belonged  to  different  sub- 
stances. The  first  being  those  of  nitro-glycerine,  the  latter  of  some 
as  yet  unknown  modification,  induced  by  exposure  to  such  influ- 
ences as  we  have  enumerated. 

As  for  the  safety  of  the  explosive  in  its  new  form  above  de- 
scribed, the  following  experiments  made  at  Glasgow,  and  repeated 
at  Merstham,  will  say  much.  A  box  containing  8  lbs.  of  dynamite 
(equal  in  effect  to  80  lbs.  of  powder,)  was  hurled  down  from  a 
height  of  60  feet  upon  the  rock  below.  The  box  was  broken  by 
the  fall,  but  its  contents  was  not  exploded.  Another  similar  box 
was  then  placed  on  a  fire,  where  it  slowly  burned  away. 

At  Stockholm  a  yet  more  severe  test  was  applied,  for  a  weight 
of  200  lbs.  was  dropped,  from  a  height  of  20  feet,  upon  a  box  of 
dynamite,  which  it  smashed  without  exploding. 

While  thus  sluggish  in  its  action,  and,  as  it  were,  unwilling  to 
be  roused  into  a  display  of  its  force,  its  ability,  when  the  proper 
stimulant  to  exertion  has  been  applied,  may  be  estimated  from  the 
following  experiment: — 

A  cylinder  of  wrought  iron  was  prepared,  eleven  inches  in  dia- 
meter and  twelve  inches  long,  with  a  hole  one  inch  in  diameter 
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along  its  axis.  Six  ounces  of  dynamite  were  introduced  into  this 
hole,  without  any  tamping  at  either  end,  and  lired  by  a  fuse,  when 
the  cylinder  was  split  into  two  pieces,  which  were  violently  hurled 
to  a  distance. 

That  such  an  explosive  as  nitro-glycerine  should  effect  a  great 
saving  of  cost  as  well  as  time,  in  all  mining  operations,  will  be  evi- 
dent if  we  reflect  that  cost  of  introducing  the  explosive  by  means  of 
drilled  holes  is  enormously  greater  than  the  cost  of  the  explosive 
itself.  When,  therefore,  we  have,  as  in  this  case,  a  substance 
which  in  the  same  bulk  concentrates  a  ten-fold  effect,  we  see  that 
the  same  amount  of  expensive  labor  will  obtain  a  ten-fold  result, 
while  the  increase  in  cost  will  be  only  in  the  least  expensive  item. 

In  fact,  from  a  number  of  cases  cited,  it  appears  that  about  25 
per  cent,  of  the  entire  cost  of  mining  is  saved  by  the  use  of  this 
material,  while  the  increase  in  the  rate  of  progress  sometime.s 
amounts  to  87  per  cent.,  as  in  a  long  tunnel  through  Stockholm. 

The  importance  of  this  saving  in  an  extensive  piece  of  tunneling 
requiring  large  capital,  which  earns  nothing  until  the  work  is  fin- 
ished, is  enormous,  as  we  may  see  by  considering  the  case  of  the 
Mt.  Cenis  or  Hoosac  tunnel. 

The  use  of  nitro-glycerine  has  been  prohibited  in  Belgium  and 
Sweden,  but  this  regulation,  it  has  been  decided,  does  not  apply  to 
dynamite. 

Watering  Roads  with  Deliquescent  Salts. — It  is  stated  in 
our  excellent  cotemporary.  Engineering,  that  this  process  has  boon 
attended  with  excellent  success,  in  London,  during  the  summer 
months.  Along  Baker  St.  Portman  Square,  where  the  experiment 
was  tried,  it  had  given  the  greatest  satisfaction  to  all  the  residents ; 
and  even  on  Sundays,  when  all  watering  of  streets  was  discontinued, 
this  locality  enjoyed  a  clear  atmosphere,  while  the  neighboring 
thoroughfares  were  clouded  with  dust. 

Bleaching  by  Ozone. — Under  the  heading  of  "A  Doubtful 
Electric  Item,"  we  find  in  Engineering,  allusion  made  to  a  report, 
that  norks  had  been  erected  in  London,  where  sugar  was  to  be 
bleached  by  a  current  of  electricity.  From  a  gentleman  interested 
in  the  subject  of  sugar  refining,  who  has  just  returned  from  Eng- 
land, we  learned  the  actual  state  of  the  case,  namely,  that  works  were 
erected  to  carry  out  the  process  much  ventilated  in  the  foreign 
journals  about  a  year  since,  in  which  ozone  was  to  bo  developed  in 
large  quantity  by  passing  air  over  a  series  of  plates  electrically 
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charged,  and  then  used  as  a  bleaching  agent.  On  the  small  scale, 
this  process  operated  with  marked  efitect,  but  when  attempted  on  a 
commercial  scale,  failed  entirely,  for  causes  unknown,  but  such  as 
rendered  an  adequate  development  of  ozone  impossible.  A.  "Wilde's 
magneto  electric  machine  was  employed  as  a  source  of  electric 
force. 


FIRE  PROOF  BUILDINGS. 

New  York,  September^  1868. 

Fire  proof  construction  has  become  a  matter  of  such  necessity, 
especially  in  our  older  cities,  that  it  is  interesting  to  note  the  im- 
provements, from  time  to  time  instituted,  and  how  the}'-  are  carried 
out.  Any  method  tending  to  cheapen  such  buildings,  is  an  invita- 
tion to  their  still  further  introduction,  and  an  invitation  that  many 
real  estate  owners  would  avail  themselves  of.  Under  the  present 
method  of  design  and  execution  in  this  city,  fire  proof  building  is 
such  an  extravagant  luxury,  that  rarely  any  private  party  can 
indulge  in  it,  leaving  such  desirable  improvements  in  the  hands  of 
wealthy  corporations.  Of  course  such  a  mode  of  building  always 
must  be  more  costly  than  where  timber  is  used;  but  there  is  no 
reason  in  the  world  why  it  should  present  such  an  item  of  ex- 
pense as  in  the  City  of  New  York.  As  yet  few,  comparatively, 
have  been  built,  but  many  more  are  wanted  and  would  be  built, 
could  owners  be  brought  to  believe  that  the  examples  before  them, 
and  from  which  they  naturally  form  their  opinions,  are  monuments 
of  a  shameful  and  wicked  extravagance. 

Iron  is  a  material  of  infinite  service,  when  properly  and  intelli- 
gently used,  but  a  very  dangerous  material  in  the  hands  of  ignor- 
ance or  dishonesty.  Its  nature  is  such  that  we  can  more  nearly 
work  to  its  theoretic  limits  than  can  be  done  with  any  other  mate- 
rial of  constructions.  The  specific  gravity  of  iron  is  so  high  that 
all  used  over  and  above  what  is  really  required  for  performance  of 
duty,  rolls  up  very  rapidly  a  very  costly  excess.  It  is  of  very 
recent  date  that  solid  rolled  beams  of  wrought  iron  have  been  used 
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for  floor  joist.<,  before  wLich  time  oast  iron  beams  bad  been  largely 
used,  especially  in  England.  Many  accidents  proved  their  unrelia- 
bility, and  beams  built  of  plates  and  angle  irons  were  substituted. 
In  tbis  country,  the  Cooper  Institute  was  the  llrst  thoroughly  fire 
proof  building  ever  built,  the  beams  for  which  were  rolled  at 
Trenton.  These  beams  were  nine  inches  deep,  and  were  rolled 
from  a  single  "  pile,"  and  it  seems  were  necessarily  about  the  largest 
beams  that  could  be  made  by  that  method  of  piling.  Not  Ion"- 
after,  Mr.  Jno.  Griffin,  of  the  Phoenix  Iron  Co.,  invented  and  patented 
a  plan  by  which  beams  could  be  solidly  rolled  up  to  at  least  twenty 
inches  deep,  and  as  long  as  would,  in  any  event,  be  required.  Jkfr. 
Griffin's  invention  consisted  in  rolling  flange-bars  separately,  piling 
the  plates  to  form  the  web  between  them,  and  then  rolling  and 
welding  the  whole  mass  together.  It  may  be  interesting  to  note 
that  this  process  was  pirated  by  the  English  manufacturers,  and  is 
in  vogue  with  them  to  this  day.  It  is,  perhaps,  the  only  method 
by  which  beams  of  large  sections  can  be  successfully  made.  TVe 
believe,  in  Pittsburg,  they  profess  to  make  their  beam  piles  by 
placing  channel  bars  back-to-back,  and  thicken  up  the  flanges,  when 
desired,  by  piling  plates  on  the  top  and  bottom.  At  present,  rolled 
beams  are  manufactured  in  this  country,  at  Phcenixvillc,  Buftalo, 
Trenton  and  Pittsburg.  The  two  former  make  beams  under  the 
Griffin  Patent,  running  through  a  list  of  sizes  from  five  inches  up 
to  fifteen  inches  in  depth,  and,  perhaps,  make  the  greater  propor- 
tion of  beams  used  in  this  country.  Trenton  and  Pittsburg  works 
use  different  piles,  the  former  endeavoring  to  compete  with  Buflalo 
and  Phoenix  by  means  of  the  old  manner  of  piling,  the  latter  using 
channel  bar  piles.  Neither  of  these  works,  so  far  as  we  know,  have 
been  very  successful  in  making  beams  over  ten  and  twelve  inches 
in  depth.  The  supports  for  beams  and  girders  have  been  ahvay.s 
cast  iron  columns;  but  the  wrought  iron  hollow  columns,  described 
in  a  former  volume  o^  the  Journal,  are  gradually  being  appreciated. 
A  building  may  be  fire  proof,  and  yet  not  indestructible.  For 
example,  a  building  may  be  filled  with  a  combustible  material, 
which,  burning  with  an  intense  heat,  will  so  unequally  strain  the 
the  iron  supports  and  flooring,  that  they  must  yield  and  carry 
with  them  to  destruction  everything  under  their  influence.  This 
is  especially  true  where  cast  iron  columns  are  used,  which,  when 
overheated,  become  as  brittle  as  glass,  and  shiver,  like  glass,  to 
atoms,  should    water  be  thrown  upon  them.     Such  columns  will 
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stand  no  great  tension,  or  any  unequal  straining,  and  ought  to  give 
place  to  -wrought  iron  ones,  especially  in  warehouses  or  other  build- 
ings used  for  general  storage  purposes.  Office  buildings  not  being 
subject  to  the  conditions  of  a  warehouse,  can  have  cast  iron  columns 
to  support  the  girders,  and  with  good  advantage.  Attempts  have 
been  made  to  arrange  a  water  circulation  in  the  interior  of  columns 
to  keep  them  cool  in  case  of  fire  among  store  goods,  but  we  have 
heard  of  no  success  attending  the  effort.  There  is  one  thing  cer- 
tain, and  that  is,  any  fire  proof  building,  intended  for  storage  pur- 
poses, should  have  the  iron  construction,  as  far  as  is  possible,  a 
wrought  iron  one.  And  it  is  desirable  that  even  wrought  iron 
should  be  protected  from  the  direct  action  of  flame  by  means  of 
some  non-conducting  material.  Intense  heat  will  destroy  the 
strength  of  wrought  iron  as  well  as  that  of  cast,  but  it  will  stand 
an  infinitely  greater  heat  before  it  will  yield.  Plastered  -timber,  so 
long  as  the  plaster  remains  upon  it,  cannot  be  affected  by  ordinary 
fires,  and  is,  practically,  fire  proof.  Any  means,  therefore,  by 
which  a  plaster  composition  could  be  attached  to  exposed  parts  of 
iron  work,  would  be  a  great  benefit  in  fire  proof  warehouse  con- 
struction, and  would  make  them  in  reality  what  they  are  only  in 
name.  If  columns  could  be  cased  with  a  durable  cement,  leaving 
an  air  space  between  the  column  and  casing,  it  would  be  an  abso- 
lute impossibility  for  the  iron  column  to  become  heated  to  destruc- 
tion. In  fact,  it  may  be  said,  that  no  iron  building  is  fire  proof 
simply  because  it  is  of  iron.  The  chances  of  fire  are,  of  course, 
greatly  lessened,  but  it  can  be  destroyed  by  fire,  and  until  a  build- 
ing can  be  made  proof  against  destruction  by  fire,  as  well  as  non- 
combustible,  we  are  far  from  perfection,  in  this  class  of  buildings  at 
all  events. 

In  another  number  we  propose  to  take  up  somo  of  the  more 
recent  iron  constructions  of  New  York,  illustrate  some  of  their 
detail  and  connections,  and  make  some  comment  upon  the  distribu- 
tion of  material.  We  believe  that  most  all  professional  matter  has 
been  published  to  illustrate  ^ooo?practice.  Finally,  convinced  that  had 
practice  is  as  necessary  to  be  recorded  as  good,  we  propose  to  con- 
tribute our  mite  on  that  side  of  the  account.  A  chart,  showing  the 
deep  water,  is  valuable  and  necessary  to  the  navigator;  but,  by 
puttingupon  it  the  rocks  and  shoals,  we  show  him  not  only  what  to 
do,  but  what  to  avoid, 

A.  p.  B. 
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By  G.  S.  MoiiisoN,  C.  E. 
(Continued  from  page  164.) 

For  the  arrangement  in  which  the  most  economical  division  of 
panel  is  adopted, 
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the  web  then  being  proportional  to 

2  tt  Y/'mn 
When  m^n,  and  the  material  of  the  web  is  equally  capable  of 
sustaining  tension  or  compression,  the  third  and  fourth  arrange- 
ments given  above  coincide,  and  the  Warren  Girder  with  braces 
inclined  at  an  angle  of  45°  (the  length  of  panel  being  twice  the 
length  of  the  truss),  becomes  the  most  economical  form  of  web. 
For  other  cases,  the  relative  economy  of  the  four  arrangements 
will  appear  from  the  tables.  In  Table  II.  a  denotes  the  depth 
of  truss,  and  b  the  length  of  panel  as  heretofore ;  in  Table  III.  the 
most  economical  length  of  panel  is  adopted  in  each  case,  and  the 
value  of  the  web  reduced  in  each  case  to  decimals  of  the  cost  of  a 
web  of  the  most  economical  form. 
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From  these  two  tables,  the  following  practical  observations  may 
be  derived : 

Between  the  limits  —  =  3  and  —  =  \^  the  third  arrangement 

(Warren  Girder),  is  the  most  economical  of  the  three  forms  of  web 

in  common  use,  while  between  the  limits  —  =  2  and  —  =  |  its  cost 
'  n  n 
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differs  so  little  from  the  theoretical  miniraum  that,  allowance  beino- 
made  for  the  simplicity  of  its  connections,  it  may  practically  be 
regarded  as  the  most  economical  arrangement.  It  possesses  the 
further  advantage  of  giving  a  poiat  of  support  in  the  centre  of  each 
panel,  as  the  floor  may  be  suspended  by  a  light  rod  from  the  inter- 
section of  the  strut  a)id  tie  with  the  top  chord.      For  structures 

entirely  of  wood  or  of  iron,  —  will  always  fall  within  the  limits  last 

given,  and  if  in  that  case  the  connections  of  the  middle  panels  be  so 
made  that  the  same  bars  are  capable  of  acting  both  as  struts  and 
ties,  no  additional  counter-bracing  will  be  needed,  and  a  very  econo- 
mical web  will  be  the  result. 

The  first  arrangement  (vertical  ties),  is  the  most  economical  of 

the  three  common  forms,  when        is   less  than  ^.      In  composite 

structures  in  which  wood  is  used  for  the  struts  and  iron  for  ties, 

will  often  be  less  than  J,  and  in  certain  localities  where  wood  is 
cheap,  and  iron  dear,  may  be  less  than  ^ ;  hence  the  merit  of  this 
form  of  web  for  such  structures,  and  it  has  the  further  advantage 
of  being  effectively  counter-braced  by  the  addition  of  counter  struts 
alone,  no  additional  ties  being  needed.  The  llowe  truss,  in  which 
this  arrangement  is  adopted,  has  become  the  standard  form  of  wooden 
bridge,  though  as  commonly  constructed,  with  short  panels,  counter- 
braces  carried  from  end  to  end,  and  useless  vertical  posts  over  the 
supports,  this  bridge  is  far  from  being  the  economical  structure  it 
is  capable  of  being  made. 

The  second  arrangement  (vertical  struts),  is  the  counterpart  of 

the  first,  and  is  an  economical  form  when — exceeds  3.     It  is  su- 

perior  to  the  first  arrangement  in  structures  entirely  of  iron,  because 
a  greater  section  of  strut  than  of  tie  is  then  needed,  but  it  is  inferior 
to  the  third  arrangement  in  this  case.  In  comjwsite  structures  it 
is  very  much  the  most  costly  form  of  the  three. 

The  economical  length  of  panel  is  always  greater  than  the  depth 
of  truss,  and  in  many  cases,  double  the  depth.  So  great  a  length 
of  panel  is  inconvenient  from  the  distance  it  leaves  between  the 
available  points  of  support ;  but  the  panels  may  be  shortened  ma- 
terially, without  greatly  increasing  the  cost.  Table  IV.  shows  the 
relative  cost  of  the  web  of  the  third  arrangement  for  different  lengths 
of  panels.    Table  V.  gives  the  same  for  the  first  arrangement  when 
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-^  =  1  or  J,  and  for  tlie  second  arrangement  when —  =  2  or  3, 

these  cases  being  counterparts.  It  will  be  seen  that  after  the  length  of 
panel  is  reduced  to  about  half  the  economical  length,  the  increase 
in  cost  becomes  very  rapid. 

The  material  in  the  web  depends  upon  the  ratio  between  the 
length  of  panel  and  the  depth  of  truss,  and  hence,  if  the  inclination 
of  the  bars  is  left  unaltered,  the  cost  of  the  web  is  independent  of 
the  depth  of  the  truss.  This  may  appear  anomalous,  but  it  is  to 
be  remembered  that  thougb  the  length  of  the  braces  is  increased, 
their  number  is  diminished.  In  practice,  however,  the  cost  of  the 
web  will  increase  slightly  with  the  depth,  unless  the  struts  are  of 
such  a  form  that  the  strength  per  unit  of  section  is  independent  of 
the  length. 

Table  IV. 


Length  of 
panel. 

Angle  of  braces. 

Relative 
material  in  web. 

■5  a 

75°  58^ 

2]25 

•75  a 

69°  27' 

1-521 

a 

63°  26' 

1-25 

11  a 

61°  IK 

1184 

1-2  a 

69"  2' 

1  133 

1-3  o. 

56°  59' 

1094 

14  a 

55° 

1064 

lo  a 

53°  8' 

1  042 

1-6  a 

51°  20' 

1025 

1-7  a 

49°*38' 

1-013 

1-8  a 

48°  V 

1-006 

1-9  a 

46°  28' 

1001 

2a 

45° 

1- 

In  proportioning  the  several  members  of  the  web,  the  sections 
should  of  course  correspond  to  the  ordinates  of  the  curves  in  Fig. 
11.    The  following  rule  will  often  be  found  useful;  though  not 
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strictly  accurate,  the  error  is  on  the  safe  side.  Make  the  centre 
braces  capable  of  bearing  one-eighth  of  the  whole  moving  load 
ii  ^'  Oi  ^^^  ^^®  ^^^^  braces  capable  of  sustaining  one-half  the  entire 
load,  and  average  the  intermediate  braces  between  those  at  the  end 
and  centre.  The  counter-braces  may  be  proportioned  in  a  similar 
way,  graduating  from  the  centre  to  the  panel  in  which  no  counter 
is  needed. 

Table  V. 


.^ 

^-^ 

b 

b 

< 

•< 

■§       ^ 

*      C^ 

^       CO 

C       u 

c      «- 

•«       o 

.-       o 

"5    T 

"a     O 

Length  of  paaeL 

1  < 

1  < 

03       -i^ 

a  .2 

E    ^ 

• 

»  "^ 

*    "T^ 

>  Hf* 

>      -to 

■^   11 

'i  II 

T,       1 

Is  « 

«S|« 

c 

C 

c 

o 

"i 



•5  a 

1-876 

2125 

•7o  a 

1-371 

1-521 

a 

11 55 

1-25 

1-2  a 

1068 

1  1-14 

1-4  a 

1023 

1064 

1-6  a 

1  ro3 

1025 

1-732  a 
1-8  a 

1- 

1-001 

1005 

2a 

1010 

1- 

(To  be  continued.) 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 
(Concluded  from  page  176.) 

"  In  sucli  extreme  cases  of  iigli  speed  belts,  find  the  breadth  of  the 
first  motion  belt,  by  the  formula  for  ordinary  belting  above  (a), 
then  if — 

A  =  acting  area  of  first  motion  belt. 

V  =  velocity  of  first  motion  belt. 

a  =  acting  *rea  of  high  speed  belt. 

V  =  velocity  of  high  speed  belt. 

Av 
a= — . 
V 

The  acting  area  of  either  belt  =  IX  b,  where  ?=  length  of  circum- 
ference of  driven  pulley  embraced  by 'the  belt, 
b  =  breadth  of  the  belt. 

:.b=  -  in  the  case  of  the  high  speed  belt. 

"  If  there  is  no  first  motion  belt  exclusively  for  the  machine,  it 
■will  be  easy  to  suppose  a  hypothetical  case  from  which  the  breadth 
of  the  high  speed  belt  may  be  calculated." 

15.  From  Haswell's  Engineer's  Pocket-Book^  1867  edition,  we  take 
the  following :  "  A  4-horse  engine  transmits  its  power  through  a 
leather  belt  over  a  cast  iron  pulley  4  feet  diameter,  running  one 
hundred  revolutions  per  minute  and  embracing  '4  of  its  circum- 
ference. 

"In  this  example  the  thickness  of  belt  is  taken  at  '15  inch,  and 
the  strain  at  210  pounds,  which  gives  4'67  inches  for  width  of  belt, 
and  122*26  square  feet  of  belt  per  minute  per  horse-power,  or  101*88 
square  feet,  when  '5  of  the  circumference  of  pulley  is  embraced,  using 
Morin's  ratio  of  2  :  2*4,  If  thickness  of  belt  be  taken  at  ^^g  inch, 
and  half  the  circumference  be  embraced  by  belt,  then  we  have  81'375 
square  feet  per  minute  per  horse-power. 

"An  11-inch  belt  on  a  4-foot  pulley  running  from  1200  to  2100 
feet  per  minute  will  transmit  the  power  of  a  double  steam  engine 
with  6-inch  X  11-inch  cylinders,  125  revolutions  per  minute,  under 
a  steam  pressure  of  60  pounds  per  square  inch." 

16.  Fairbairn,  in  his  treatise  on  "  Mill  Work,"  gives  a  table  "  for 


i 


Belting  Facts  and  Figures.  28i) 

determining  tlie  least  width  of  straps  for  transmitting  various 
amounts  of  work  over  difterent  pulleys.  The  velocity  of  the  belt 
is  assumed  to  be  between  25  and  80  feet  per  second,  and  the  widths 
of  the  belts  are  given  in  inches.  "With  greater  velocities  the  breadth 
may  be  proportionably  decreased." 

The  following  formula  will  meet  every  requirement  of  the  table: 
_  5940  H  p 
^  ~    1650  (Z  • 

In  which  w       =  width  of  belt  in  inches. 
HP     =  horse-power. 
d        =  diameter  of  smaller  pulley  in  feet. 
1650  =  average  speed  in  feet  per  minute, 
from  statement  above,  and  which  might  be  changed  for  v  =  velo- 
city of  belt  in  feet  per  minute  to  make  the  rule  more  general,  which 
would  seem  to  be  allowed  by  the  closing  paragraph  of  the  quotation. 

The  use  of  d  in  this  formula  forbids  the  naming  of  any  definite 
area  of  belt  running  per  horse-power  per  minute.  If  we  take,  how- 
ever, the  cases  of  belts  from  12  inches  to  24  inches  wide  on  a  6- 
foot  pulley,  transmitting  from  20  to -10  horse-power,  and  giving  82 J 
square  feet  of  belt  per  minute  per  horse-power,  we  would  not  be 
stepping  outside  the  line  of  usual  good  practice  in  selecting  average 
examples  from  the  table.  But  if  we  select  from  one  extreme  of  the 
table  a  l*-4  inch  belt  running  on  a  10-foot  pulley,  transmitting  4 
horse-power,  or  48*125  square  feet  of  belt  per  minute  per  horse- 
power, we  will  find  it,  if  not  out  of  the  limits  of  possibility,  cer- 
tainly not  within  the  ordinary  economy  of  practice  as  to  width  of 
belt  and  diameter  of  the  pulley.  On  the  other  extreme,  the  pro- 
portion of  a  432-inch  belt,  running  on  a  12-inch  pulley,  and  trans- 
mitting 12  horse-power,  or  measuring  off  495  square  feet  of  belt 
per  minute  per  horsepower,  is  such  an  excessive  one  that  perhaps 
it  never  has  and  certainly  never  should  be  used  in  practice. 

Is  it  a  subject  of  wonder,  then,  that  we  find  in  this  work  that  belts 
are  charged  with  "  cumbrousness,  the  expense  of  their  renewal  and 
the  necessity  for  frequent  repairs,"  when  from  disproportion  of  pul- 
leys and  belts,  such  immense  allowance  of  width  must  be  mad<*  to 
gain  the  required  adhesion  ? 

17,  From  J.  W.  Xystrom's  Pocket-Book  of  Mtc/mnic-^,  \vc  take 
the  following,  in  which — 

b  =  breadth  of  leather  belt  in  inches. 
H  =  horse-power  transmitted  by  belt. 


240  Civil  and  Mechanical  Engineering. 

V  =  velocity  of  belt  in  feet  per  sec. 

d  =  diameter  in  inches.  /      n        ■^^  n       • 

-     .  .  I  01  smaller  pulley. 

n  =  revolutions  per  minute.     ) 

F  =  force  in  pounds  transmitted  by  belt. 

a  =  number  of  degrees  of  belt  contact  with  smaller  pulley. 


H  = 


H 


dn 

,       7500  H 
6  _       . 
da 

280 

VY 

,      13-5  vF 

bz=  — 

da 

550 

dnY 

,        nF 
*  =  18-8- 

126,500 

126,500  H 

29  wH 

F=  J  

dn  V  a 

18.  "  Having  made  practical  use  of  the  following  table  for  several 
years  with  perfect  satisfaction,  I  cheerfully  recommend  it  to  all  who 
may  at  times  be  in  want  of  reliable  information  with  regard  to 
belts." 

We  give  an  example  from  table  which  will  fairly  cepresent  all 
therein. 

A  6-inch  belt,  running  2200  feet  per  minute  gives  12 J  horse- 
power, which  =  89*8  square  feet  per  minute  per  horse-power. — W. 
B.  in  Sci.  Amer.,  March  3,  1860,  page  150. 

19.  "  The  belt  that  drives  our  establishment  was  originally  10 
inches  wide,  but  is  now  stretched  to  about  9  inches.  It  transmitted 
the  full  power  of  a  10-inch  X  20-inch  engine  when  working  under 
70  pounds  of  steam  to  the  square  inch.  The  driving  side  of  the 
belt  ran  under  a  36-inch  iron  pulley  on  the  engine  shaft,  turning  a 
36  inch  one  on  the  line  shaft,  the  slack  side  sagging  10  inches  to 
12  inches  when  at  full  work  and  it  never  slips." 

"  This  belt  has  not  been  touched  during  the  past  three  years, 
except  to  relace  it,  and  has  been  running  almost  every  day  since  it 
was  started."— T.  McG.,  Jr.,  in  jSci.  Amcr.,  March  24,  1860,  p.  197. 

20.  "  To  find  the  power  of  a  belt :  The  width  in  inches,  multiplied 
by  the  velocity  in  feet  per  minute,  divided  by  1070,  equals  the 
power." 

"Ex.     5  X  2000 -r- 1070  =  9-345  horse-power." 
This  rule  gives  89*17  square  feet  per  horse-power  per  minute. — 
D.  E.  C.  in  Sci.  Amer.,  March  24,  1860,  p.  197. 

21.  "  The  following,  by  an  eminent  machinist,  has  been  found  to 
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answer  perfectly  for  belting,  and  has  been  used  by  one  having  many 
years  experience  in  constructing  engines  and  mill  work." 

"  It  is  calculated  to  give  some  25  per  cent,  surplus  power  before 
material  slippage  of  belt  can  occur." 

H  P  5400 
V  d 

In  which  w    =  width  of  belt  in  inches. 
]i  p  =  horse-power. 

V    =  velocity  of  belt  in  feet  per  minute. 
d    =  diameter  of  smaller  pulley  in  feet. — 
R.  F.  in  *S'c-('.  Amer.,  Sept.,  1855,  page  14. 

22.  An  horizontal  non-condensing  engine,  with  a  cylinder  12 
inches  diameter,  30  inches  stroke,  running  C6  revolutions  per  min- 
ute, under  72  pounds  of  steam  in  boiler  and  an  average  pressure  of 
19'7  pounds  of  steam  on  piston,  has  a  13|-inch  belt  on  an  8-foot 
fly-wheel  pulley,  which  runs  over  a  4-foot  pulley  on  a  shaft  18  feet 
vertically  above.  Speed  of  belt  1658*58  feet  per  minute.  On  one 
occasion  the  indicator  showed  21  horse-power  transmitted,  this 
would  give  88-81  square  feet  of  belt  per  horse-power  per  minute. 

23.  An  engine  similar  to  that  above,  with  10  inches  X  24  inches, 
cylinder,  making  80  revolutions  per  minute,  under  100  pounds  of 
steam  in  the  boiler,  and  showing  by  the  indicator  a  constant  work 
of  33  horse-power,  has  a  llj-inch  belt  on  a  5foot  puljey  on  engine 
shaft.  This  belt  is  crossed  and  runs  over  a  34-inch  pulley  on  the 
"line"  shaft  8  feet  above  and  18  feet  distant.  Number  of  s^quare 
feet  of  belt  transmitted  per  horse-power  per  minute  36-5.  Speed 
of  belt  1256  feet  per  minute. 

24.  An  engine  like  example  No.  22  has  a  cylinder  15  inches 
diameter,  36  inches  stroke ;  fly-wheel  pulley  12  feet  diameter,  car- 
rying a  17|-inch  belt,  which  passes  over  a  5-foot  pulley,  6  feet 
above  and  18  feet  6  inches  distant;  top  fold  of  belt  slack. 

Engine  makes  48  revolutions  per  minute  under  65  pounds  of  steam, 
and  by  the  indicator  shows  a  work  done  of  40*7  horse-power. 
Speed  of  belt  1809-12  per  minute,  and  square  feet  of  belt  transmit- 
ted 64-61  per  horse  power  per  minute. 

25.  An  horizontal  non-condensing  engine,  with  11  inches  X  30 
inches  cylinder,  arranged  with  two  steam  and  two  exhaust  valvea 
of  the  double  beat  balanced  Cornish  style,  each  operated  by  a  cam, 
the  two  former  under  the  control  of  the  governor.  A  10-foot  fly-wheel 
pulley  carries  a  20-inch  belt.     On  the  line  shaft  6  feet  above  and 
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15  feet  distant  is  a  5-foot  pulley,  the  belt  passes  over  this  pulley, 
the  top  fold  running  slack.  Under  80  pounds  of  steam  in  the  boiler  a 
pressure  of  60|  pounds  per  square  inch  on  the  piston  is  maintained 
to  the  point  of  cut-off,  which  was  one-third  the  stroke  on  one  occa- 
sion when  the  indicator  showed  a  work  of  29'27  horsepower ;  speed 
of  engine  56  revolutions  per  minute.  The  load  of  this  engine  is 
very  variable ;  the  average  of  a  number  of  cards  taken  show  25 
horse-power.  Speed  of  belt  2098*26  feet  per  minute,  and  number 
of  square  feet  of  belt  per  horse-power  per  minute  transmitted  83*92. 

26.  A  20-inch  X  48-inch  cylinder  horizontal  non-condensing  en- 
gine has  a  16-foot  flj^- wheel  pulley  carrying  a  24-inch  belt,  and 
runs  about  50  revolutions  per  minute.  This  belt  drives  a  5  feet 
4  inches  pulley,  82  feet  distant  in  an  angle  of  about  40°,  the  top- 
fold  slack.  By  the  indicator  the  engine  is  working  up  to  150 
horse-power.  Speed  of  belt  2513  feet  per  minute,  and  Square  feet 
transmitteed  per  minute  per  horse-power  equals  33*5, 

27.  An  18-inch  X  36-inch  engine,  having  a  14-foot  8-inch  fly- 
wheel pulley,  making  52  revolutions  per  minute,  carries  two  belts ;  a 
15-inch  running  over  a  5-foot  pulley  directly  above,  45  feet  distant, 
and  a  16-inch,  running  over  a  6-foot  pulley  20  feet  distant,  at  an 
angle  of  about  30°. 

This  engine,  under  a  boiler  pressure  of  85  pounds,  shows  by 
the  indicator,  114*6  horse-power.  Speed  of  belts  2392  feet  per 
minute,  and  square  feet  of  belt  transmitted  per  minute  per  horse- 
power 54. 

28.  A  14-inch  by  36-inch  cylinder  engine  similar  to  No.  22  has 
a  12-foot  fly-wheel  pulley  carrying  an  18-inch  belt,  tight  fold 
below  at  an  angle  of  about  30°.  Pulley  on  line  shaft  6  feet  diam- 
eter, and  about  25  feet  distant.  Speed  of  engine  56  revolutions  per 
minute.  Horse-power  by  the  indicator  49.  Speed  of  belt  2111*2 
feet  per  minute,  and  square  feet  per  horse-power  per  minute  64*63. 

Examples  12  and  22  to  28  inclusive,  represent  belting  in  constant 
use  in  this  city — engines  and  machinery  constructed  by  different 
parties. 

The  usual  rating  of  engine  in  example  22  is  30  horse-power, 
which  would  give  62*17  square  feet  of  belt  per  horse-power  per 
minute. 

Engine  in  example  23  is  usually  called  a  20  horse,  and  at  this 
estimate  we  should  have  60*183  square  feet  of  belt  per  horse-power 
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per  minute.  As  now  running  the  engine  and  belt  are  over -worked 
which  is  amply  shown  by  the  destructive  wear  of  both. 

Example  24  is  doing  very  well,  and  may  be  considered  a  very 
good  proportion,  except  shortness  of  belt,  8  or  10  feet  more  of 
which  would  increase  adhesion  and  lessen  friction. 

Example  25  is  a  fair  one,  belt  in  use  eight  years,  is  in  good 
condition,  never  slips  and  runs  freely.  The  belt  might  be  a  little 
longer. 


No. 

Square  feet  of  belt  per  horse-  ; 
power  per  minute.             I 

No. 

Square  feet  of  belt  per  horse-  i 
power  per  luinule. 

A. 

B. 

A. 

B. 

1 
2 

100- 
66-6C6 

18 
20 

89-80 
89-17 

89-80 
89  17 

1 
66-666 

3 

4 

100- 
64-8 

22 
23 

88-81 
36-60 

62  17 
60  183 

64-8 

5 

91 -03 

91-63 

24 

64-61 

6401 

6 
8 

238 
39-27 

25 

26 

83-92 
33  50 

83  92 
02-70 

..,, 

9 

6G-G66 

66-606 

27 

64. 

77  24 

<< 

69-44 

69-44 

28 

64-63 

79  15 

10 

75- 

75- 

A 

75- 

75- 

11 
13 

125- 
97-232 

B 
C 

62-79 
68  69 

62  79 
68  09 

97-232 

14 

91-666 

91-666 

D 

47-Gl 

16 

81-376 

81-375 

£ 

89-89 

89  89 

Column  .K  gives  an  average  of  72-873 
.'        B  "  "  75-89;t 


Example  26  is  that  of  an  over-worked  engine  and  belt.  Tliat 
size  cylinder  should  not  do  over  100  horse-power,  where  long  con- 
tinued service  in  good  running  order  is  desired,  and  owing  to  a 
faulty   plan  in  arrangement  of  parts  of  engine,   80  horse-power 
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would  be  a  sufficient  load,  at  whicli  latter  rate  we  should  have  62'7 
square  feet  of  belt  per  horse-power  per  minute. 

Example  27  is  that  of  another  engine  doing  severe  labor;  at  80 
horse-power,  giving  a  belt  area  of  77*24  square  feet  per  minute, 
this  engine  would  run  in  every  way  much  better,  of  which  we  have 
ample  proof  in  the  shape  of  several  break-downs. 

Example  28  has  been  running  about  3^  years,  gives  great  satis- 
faction, is  called  a  40  horse  engine  which  would  give  a  belt  area  of 
79*15  square  feet  per  horse-power  per  minute. 

In  column  A  of  the  above  table  is  given  consecutively  the 
square  feet  of  belt  pel*  horse-power  per  minute  of  the  foregoing 
rules.  Examples  A,  B,  C,  D  and  E  are  taken  from  the  Franklin 
Institute  Journal  of  January,  1868,  page  24. 

In  column  B  are  rejected  all  the  results  of  100  square  feet  and 
over  and  all  under  50,  which  are  either  from  assumed  or  overworked 
examples. 

The  extremes  of  practice  seem  to  run  from  33*5  to  100  which  are 
worth  noting,  while  75  square  feet  per  minute  per  horse-power 
seems  a  fair  average  of  the  best  attested  examples. 

It  is  to  be  hoped  that  all  who  are  in  the  line  of  practice  with 
belts  will  contribute  to  our  limited  stock  of  published  results  of 
this  all  but  universal  method  of  transmitting  power. 

Philadelphia,  August,  1868. 


ACTION  OF  UNDER-CURRENTS  IN  THE  MISSISSIPPI. 

By  James  B.  Eads,  C.  E.* 

Examinations  made  by  myself  and  other  engineers,  have  revealed 
the  fact  that  the  bed-rock  of  the  river,  which  is  limestone,  is  over- 
laid with  a  deposit  of  sand  about  fifteen  feet  deep  near  this  shore,  and 
perhaps  100  feet  at  the  other  ;  the  increase  in  depth  being  very  regu- 
lar as  we  proceed  towards  the  Illinois  shore.  The  borings,  as  far  as 
made,  indicate  a  regular  slope  of  the  rock  from  this  shore,  which 
has  been  traced  as  tar  as  the  location  of  the  eastern  channel  pier, 
where  it  is  about  seventy-nine  feet  below  the  deposit.  Near  the 
Illinois  shore,  ninety  feet  of  boring  has  failed  to  reach  the  rock. 
The  sandy  bed  of  the  river  in  low  water  is  nearly  level, 

0 

*  From  Report  on  Illinois  and  St  Louis  Bridge. 
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Soundings  made  by  me  prove  that  this  deposit  is  scoured  out  to 
a  great  depth  in  time  of  floods  and  freshets.  Although  I  have  not 
had  any  extreme  stage  of  water  in  which  to  make  my  observations, 
I  found  that  a  rise  thirteen  feet  less  than  high-water  mark  caused  a 
scour  of  eighteen  feet.  The  greatest  variation  in  the  height  of  the 
river  known  at  this  place  is  about  forty-one  feet.  An  average  depth 
of  about  eight  feet,  with  a  width  of  1,600  feet,  represents  the  volume 
of  the  river  at  extreme  low  water  at  the  location  selected.  Extreme 
high  water  covers  an  immense  area  of  bottom  lands  above  and  oppo- 
site the  city,  and  the  construction  of  numerous  railway  dykes  across 
these  from  East  St.  Louis,  reduces  the  water-way  at  Washin^fton 
avenue  to  about  2,200  feet  in  width  at  high- water  mark.  On  this 
shore  and  on  the  other,  this  water-way  is  thoroughly  revetted  below 
the  low-water  line  with  rubble  stone  and  protected  by  the  wharf 
pavements  above  that  line.  The  concentration  into  this  narrow 
channel  of  the  vast  volumes  that  are  sometimes  poured  out  of  the 
gigantic-net- work  of  streams  above  St.  Louis,  the  main  artery  alone 
of  which  is  navigable  over  a  thousand  leagues  above  this  city,  assures 
me  that  in  time  of  floods  it  is  not  improbable  that  this  deposit  is 
removed  to  twice  or  thrice  the  depth  shown  by  my  soundings,  and 
perhaps  to  the  rock  itself, 

I  had  occasion  to  examine  the  bottom  of  the  Mississippi,  below 
Cairo,  during  the  flood  of  1851,  and  at  sixty-five  feet  below  the  sur- 
face I  found  the  bed  of  the  river,  for  at  least  three  feet  in  depth,  a 
moving  mass,  and  so  unstable  that,  in  endeavoring  to  find  footing 
on  it  beneath  the  bell,  my  feet  penetrated  through  it  until  1  could 
feel,  although  standing  erect,  the  sand  rushing  past  my  hands,  driven 
by  a  current  apparently  as  rapid  as  that  at  the  surface.  I  could  dis- 
cover the  sand  in  motion  at  least  two  feet  below  the  surface  of  the 
bottom,  and  moving  with  a  velocity  diminishing  in  proportion  to 
the  depth  at  which  I  thrust  my  hands  into  it. 

It  is  a  fact  well  known  to  those  who  were  engaged  in  navigating 
the  Mississippi  twelve  years  ago,  that  the  cargo  and  engine  of  the 
steamboat  America,  sunk  100  miles  below  the  mouth  of  the  Oliio, 
was  recovered,  after  being  submerged  twenty  years,  during  which 
time  an  island  was  formed  over  it  and  a  farm  established  upon  it. 
Cotton- wood  trees  that  grew  upon  the  island  attained  such  size  that 
they  were  cut  into  cord-wood  and  supplied  as  fuel  to  the  })asHing 
steamers.  Two  floods  sufficed  to  move  every  vestige  of  the  island,  • 
leaving  tbe  wreck  of  the  America  uncovered  by  sand,  and  forty  feet  " 
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below  low-water  mark,  where,  in  1856,  the  property  was  recovered. 
Pilots  are  still  navigating  the  river  who  saw  this  wreck  lying  near 
the  Arkansas  shore,  with  her  main  deck  scarcely  below  low-water 
mark  at  the  time  she  was  lost.  When  the  wreck  was  recovered  the 
main  channel  of  the  Mississippi  was  over  it,  and  the  hull  of  the 
vessel  had  been  cut  down  by  the  action  of  the  current  at  the  bot- 
tom, nearly  forty  feet  below  the  level  at  which  it  first  rested ;  and 
the  shore  had  receded  from  it  by  the  abrasion  of  the  stream  nearly 
half  a  mile. 

These  remarkable,  but  well  attested  facts,  came  under  my  own 
observation,  and  occurred  at  Plumb  Point,  one  hundred  miles  below 
Cairo,  where  the  Mississippi  is  more  than  one  mile  wide,  and  where 
the  lateral  action  of  the  current  is  not  confined  as  it  is  here  by  stone, 
and  where  the  depth  of  the  action  of  the  under  currents  must  be 
much  less  than  at  this  narrow  passage. 

Singularly  enough,  the  fact  is  ahnost  certain  that  at  seasons  of 
loivest  water,  this  deposit  is  also  liable  to  be  removed  to  an  extent 
probably  sufficient  to  lay  bare  the  rock  in  mid-channel.  The  cur- 
rent being  much  less  when  the  water  is  low,  the  sand  accumulates 
to  its  greatest  depth.  When  the  river  freezes  over,  which  only 
occurs  when  it  is  quite  low,  a  strong  crust  of  ice,  from  ten  to  fifteen 
inches  thick,  is  formed  in  this  narrow  gorge,  while  there  are  fre- 
quently great  stretches  of  the  river  above  unclosed.  The  floating 
ice  formed  in  these  open  spaces  is  carried  down  in  large  masses, 
which  accumulate  in  this  and  other  narrow  passages  of  the  river, 
and  form  what  are  termed  ice  gorges.  These  accumulations  some- 
times extend  several  miles  above  the  contracted  channels  of  the 
river,  and  cause  the  water  to  rise,  or  in  river  parlance,  "back  up," 
ten  and  even  twenty  feet  in  some  instances,  above  its  former  level. 
The  firmly  frozen  crust  serves  to  hold  the  masses  that  are  accumu- 
lated beneath  it,  and  the  great  height  attained  by  the  "  backing  up" 
of  the  water  above  the  gorge  increases  the  currents  that  are  sweep- 
ing below  the  ice  to  a  degree  probably  greatly  exceeding  that  of  the 
floods,  if  we  may  take  the  water  levels  above  the  gorge  as  an  index  to 
the  current  created  by  this  hydrostatic  pressure.  These  currents,  I 
believe,  would  prove  too  great  to  be  resisted  by  any  ordinary  rip-rap 
(or  loose  stone)  usually  used  to  protect  foundations  not  resting  on 
the  rock.  The  ice  being  lighter  than  the  water,  it  follows  that  these 
'  currents  will  be  constantly  acting  beneath  the  gorged  ice,  and  in 
direct  Qontact  with  the  sand.     As  rapidly  as  the  latter  is  cut  away, 
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fresh  supplies  of  ice  arc  driven  under,  and  thus  the  mass  continues 
to  grow  in  depth,  and  the  current  to  be  directed  nearer  to  the  rock. 
After  a  few  weeks  the  pressure  of  the  back-water  becomes  so  enor- 
mous as  to  sweep  the  gorge  away,  and  on  such  occasions  the  open 
space  of  water  below  the  gorge  is  at  once  filled  for  miles  with  the 
submerged  ice  thus  liberated.  This  ice  can  readily  be  distinguished 
from  the  crust  or  surface  ice  by  its  scarcely  floating,  and  by  the 
quantities  of  sand  and  mud  with  which  it  has  been  saturated  during 
its  imprisonment. 

On  two  occasions,  I  undertook  to  cut  a  channel  in  the  ice  thro  igh 
which  to  remove  from  gorges  two  valuable  diving-bell  boats  to 
places  of  safety.  The  undertaking  was  only  successful  in  one  case. 
The  surface  ice  being  removed  from  the  canal  and  hauled  off  on  its 
sides,  I  found  the  quantity  of  submerged  ice  which  continually  arose 
when  that  in  sight  was  removed,  was  so  great  that  the  supply  seemed 
inexhaustible.  In  the  case  where  I  was  successful,  I  was  able  to 
cut  the  channel  from  an  open  part  of  the  river  up  to  the  vessel,  and 
through  it  the  submerged  ice  was  floated  out  and  the  channel  thus 
cleared. 

In  the  winter  of  1855,  the  steamer  Garden  City,  of  about  800 
tons  burden,  was  inclosed  in  the  ice  gorge  which  formed  in  tliis  har- 
bor. Many  of  our  citizens  will  remember  that  a  partial  movcmeut 
of  the  gorge  caused  her  sides  to  be  crushed,  in  consequence  of  which 
the  vessel  filled  with  water.  She  was  lying  at  the  upper  part  of  the 
city  in  front  of  a  large  stone  quarry,  the  debris  from  which  had 
been  for  several  years  thrown  into  the  river  by  the  quarry-men, 
and  had  formed  a  steep,  rugged  shore  of  such  slope  as  the  broken 
stone  naturally  assumed.  The  water  where  the  vessel  sunk  was 
twenty-five  feet  deep,  but  she  was  sustained  upon  the  gorged  ice 
beneath  her,  so  that  her  deck  was  scarcely  under  the  surface.  She 
was  in  this  condition  when  I  was  called  upon  to  save  her.  Iler 
hull  being  about  nine  feet  in  depth,  it  is  evident  that  the  ice  which 
sustained  her  must  have  been  packed  to  the  bottom,  and  sixteen 
feet  deep.  This  ice  supported  her  with  her  engines  and  boilers,  and 
a  cabin  over  them  about  150  feet  long,  until  the  bank  was  removed, 
ways  placed  on  the  ice  under  Ihe  steamer,  powerful  purchases  se- 
cured ashore,  and  the  vessel  hauled  broadside  in  to,  and  upon  the 
bank  in  safety,  before  the  gorge  gave  way.  The  time  occupied  in 
doing  this  was  about  ten  days,  nearly  all  which  time  the  steamer 
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was  resting  on  ice  that  had  been  driven  under  the' surface  by  the 
action  of  the  current. 

The  establishment  of  piers  in  the  channel  of  the  river  must  facili- 
tate the  formation  of  an  ice  gorge  at  the  bridge  in  the  winter,  and 
they  will  certainly  tend  to  its  retention  until  the  sand  is  scoured 
out  about  and  between  them  to  an  unknown  depth. 

For  these  reasons  I  have  maintained  and  urged  that  there  is  no 
safety  short  of  resting  the  piers  for  your  bridge  firmly  upon  the 
rock  itself.  On  no  other  question  involved  in  its  construction  does 
my  j  udgraent  more  fully  assure  me  that  I  am  correct,  although  the 
Convention  of  Engineers  assembled  here  last  summer  announced  in 
their  report  that  they  did  not  consider  it  essential  to  go  to  the  rock 
with  all  the  channel  piers  of  Mr.  Boomer's  bridge.  The  Conven- 
tion assumed  that  the  greatest  possible  scour  would  not  exceed 
thirty  feet  below  low-water  mark  (equivalent  to  the  removal  of 
twenty-two  feet  of  deposit.  See  Eeport,  page  80.)  I  am  supported 
in  my  opinion  upon  this  matter  by  many  eminent  engineers  with 
whom  I  have  exchanged  views  upon  the  subject. 

The  recent  destruction  of  many  of  the  bridges  in  British  India, 
by  having  their  foundations  undermined  by  the  action  of  floods 
upon  the  sandy  bottoms  of  the  streams  in  that  country,  furnishes 
a  warning  that  we  should  not  neglect. 


PROPOSED  METHOD  OF  SINKING  THE  PIERS  FOR  THE  ST.  LOUIS 

BRIDGE. 

By  James  B.  Eads,  C.  E.* 

A  NUMBER  of  designs  and  estimates  were  made  by  me  to  deter- 
mine the  most  practicable,  economical  and  reliable  method  of  con- 
structing the  parts  of  the  channel  piers  below  low-water  mark. 
These  designs  and  estimates  included  the  use  of  cast  iron  cylinders, 
of  diameters  varying  in  the  diflerent  plans  from  three  to  fifteen 
feet,  which  were  to  be  sunk  to  the  rock  and  filled  with  concrete. 
The  danger  of  scour,  and  the  difficulty  of  binding  these  cylinders 
together  beneath  the  surface  of  the  sand,  so  as  to  insure  stability 
under  the  strains  produced  by  the  thrust  of  the  arches,  induced  me 
to  increase  their  diameters  in  subsequent  designs,  until  they  became 
so  great  that  wrought  iron  was  substituted,  and  finally  two  cylin- 

*  From  Kcport  on  Illinois  and  St.  Louis  Bridge. 
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ders,  each  of  a  diameter  equal  to  the  width  of  the  pier,  were  tried 
with  smaller  ones  about  them,  to  complete  the  entire  dimensions  of 
the  foundation.  The  same  difficulty  of  binding  these  together  in  a 
manner  to  insure  safety  to  the  superincumbent  masonry,  in  the 
event  of  deep  scour,  as  well  as  to  give  promise  of  any  great  dura- 
bility, still  remained. 

Cast  iron  cylinders  may  be  used  with  great  advant-age  in  form- 
ing subaqueous  foundations  in  situations  where  there  is  no  scour, 
but  the  dangers  to  be  guarded  against  in  this  location  would  render 
them,  I  think,  less  reliable  and  more  expensive  than  other  methods. 

My  experience  of  the  eft'ects  of  fresh  water  upon  wrought  and 
cast  iron,  submerged  for  many  years  in  the  Mississippi,  assures  me 
that  the  latter  can  be  relied  upon  as  almost  indestructible,  but  that 
wrought  iron  will  oxidize  or  rust  out  so  rapidly  that  in  twenty 
years  the  strength  of  a  bolt  an  inch  and  a  half  in  diameter  would 
probably  be  reduced  one-half.  To  bind  these  cylinders  together, 
beneath  the  sand,  would  greatly  increase  the  cost  of  adopting  them, 
and  to  use  wrought  iron  to  secure  them  above  the  sand  would  fail 
to  insure  durability.  To  undertake  to  do  it  with  cast  iron  would 
be  more  expensive,  and  the  slightest  unequal  settlement  of  the  dif- 
ferent ones  composing  the  mass  would  be  likely  to  fracture  a  mate- 
rial so  brittle.  To  sink  th^se  cylinders,  either  by  the  pneumatic 
process,  or  by  any  of  the  methods  known,  to  the  requisite  depth, 
would  be  exceedingly  expensive.  The  great  quantity  of  iron  re- 
quired in  them,  and  the  fact  that  they  must  be  lilled  with  masonry, 
would  render  a  foundation  of  the  necessary  dimensions,  if  composed 
of  them,  much  more  expensive  than  if  made  of  stone  alone. 

Having  arrived  at  this  point  in  the  solution  of  the  most  import- 
ant problem  connected  with  the  design  and  erection  of  your  bridge, 
I  determined  to  construct  the  base  of  the  pier  entirely  of  solid 
masonry,  within  a  water-tight  floating  cofter-dam,  whose  sides  should 
be  extended  above  water  from  time  to  time,  as  it  sunk  deeper  and 
deeper,  with  its  increasing  burden  of  stone  and  cement. 

Piers  of  smaller  dimensions  have  been  constructed  in  a  similar 
manner,  and  placed  upon  foundations  favorable  to  their  permanent 
reception.  When  sand  or  mud  has  been  interposed,  and  its  remo- 
val rendered  necessary,  the  sides  of  the  floating  vessel  have  been 
extended  downward  below  its  bottom,  to  form  a  chamber  or  kind  of 
diving-bell  beneath  the  masonry.  Through  the  masonry  tubes  were 
provided,  by  which  workmen  and  materials  could  descend  into  the 
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chamber,  and  through  these  tubes  air  was  forced  to  expel  the  water 
from  the  chamber,  and  enable  the  workmen  to  remove  the  sand  or 
mud  beneath  the  pier.  These  tubes  required  to  have  two  or  more 
air-locks  or  valves  in  them,  that  were  closed  behind  the  workmen 
or  materials  in  their  passage,  to  prevent  the  escapement  of  the  com- 
pressed air  in  the  chamber.  This,  of  course,  retarded  the  rapid  pro- 
gress of  the  work.  To  facilitate  the  excavation  of  the  deposit  an 
extra  tube  was  introduced  in  the  middle  of  the  pier,  and  extended 
to  the  level  of  the  bottom  of  the  air  chamber.  The  water  stood 
within  this  tube  at  the  level  of  the  surface  of  the  river,  and  through 
it  an  endless  chain, , carrying  scoops  or  excavators,  was  made  to 
rotate  around  a  pulley  at  the  bottom  of  the  tube,  and  another  at 
the  top.  In  this  way  the  sand  was  rapidly  excavated  without  per- 
mitting the  escapement  of  air  from  the  chamber,  and  without  pass- 
ing the  deposit  up  through  the  air-locks.  The  workmen  in  the 
chamber  were  enabled  to  shovel  it  to  the  bottom  of  the  tube,  where 
it  was  taken  by  the  excavator,  and  discharged  in  vessels  above. 

The  gradual  descent  of  the  pier  was  managed  by  screws,  sup- 
ported upon  false  works,  erected  around  and  over  the  site  of  the 
pier.  As  the  sand  was  removed  below,  the  pier  was  allowed  to 
settle  by  slacking  the  screws,  as  it  was  only  partially  water-borne. 
When  it  had  passed  through  a  considerable  depth  of  sand,  the  fric- 
tion of  the  latter  upon  the  sides  of  the  pier  held  it  to' such  a  degree 
as  to  take  all  the  strain  off  the  screws,  and  when  it  moved  down- 
ward, it  was  sometimes  so  suddenly  that  the  supports  were  strained 
severely. 

The  shortness  of  the  season  in  which  each  one  of  the  piers  for 
this  bridge  must  be  put  in  position,  because  of  the  floods  of  sum- 
mer and  the  ice  of  winter,  and  the  great  amount  of  deposit  to  be  re- 
moved, renders  the  pneumatic  process  just  described  too  slowfor  this 
case,  as  well  as  too  expensive.  For  the  safety  of  the  workmen  be- 
neath the  pier,  it  is  absolutely  necessary  to  regulate  its  descent  by 
screws  or  similar  means,  and  to  do  this  with  piers  of  such  magni- 
tude would  not  be  advisable. 

The  removal  of  the  sand  will  be  accomplished  by  sinking  ani 
elliptical-shaped  caisson  or  curb  of  plate-iron  through  the  deposit  to 
the  rock.     This  caisson  will  be  open  at  top  and  bottom,  and  will  be 
strongly  braced  on  the  inside  with  heavy  angle  irons  placed  hori-  i 
zontally  around  it.     It  will  be  larger  at  bottom  than  top,  to  facili- 
tate its  passage  through  the  sand  and  relieve  it  of  the  friction.   The ; 
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caisson  will  be  suspended  by  false  works  erected  around  the  site  of 
the  pier,  and  will  be  regulated  in  its  descent  by  screws  supported 
on  the  false  works.  As  it  is  lowered  into  the  sand,  that  which  is 
inclosed  by  it  will  be  excavated  by  steam  machinery,  until  the 
caisson  is  finally  sunk  to  the  rock.  It  is  not  intended  at  any  time 
to  remove  the  water  within  the  caisson,  but  only  the  sand  it  en- 
closes ;  the  object  of  the  caisson  being  only  to  exclude  the  sand 
outside  of  it  until  that  which  it  encloses  has  been  removed,  the  rock 
leveled  ofl"  with  concrete,  the  floating  coffer-dam  placed  in  position 
within  the  caisson,  and  the  pier  so  far  built  up  in  the  latter  as  to 
sink  it  down  to  the  concrete  bed  prepared  for  it. 

The  bottom  of  the  coffer-dam  will  be  formed  of  squared  timbers, 
thoroughly  caulked,  and  will  be  about  two  feet  in  thickness.  Its 
sides  will  also  be  of  timber,  and  so  constructed  as  to  admit  of  being 
disengaged  from  the  bottom  when  the  latter  has  reached  the  bed 
formed  to  receive  it.  The  interior  of  the  coffer-dam  will  be  larger 
than  the  pier,  and  the  latter  will  be  constructed  with  certain  cavities 
in  it  to  be  filled  with  masonry  after  the  pier  reaches  the  bottom,  so 
that  the  weight  of  the  pier  will  bear  such  proportion  to  the  displace- 
ment of  water  as  to  insure  the  top  of  the  masonry  being  kept  but 
little  below  the  surface  of  the  river  while  the  pier  is  being  built 
within  it.  Tliis  will  enable  the  sides  of  the  vessel  to  be  thoroughly 
braced  against  the  pier,  so  as  to  resist  the  pressure  of  the  water. 

It  is  known  that  timber  is  indestructible  when  completely  .'sub- 
merged in  fresh  water.  Piles  placed  in  the  Ilhine  by  the  Romans, 
nearly  2,000  years  ago,  have  been  found  to  be  entirely  sound  when 
removed  within  the  present  century.  There  are  many  other  similar 
instances  on  record  establishing  the  fact  of  its  durability,  whilst  the 
soundness  of  the  timber  found  in  the  bogs  of  Ireland  and  elsewhere 
indicates  that  it  is  unlimited  by  time. 

When  the  bed  rock  has  been  prepared  to  receive  the  i)it'r,  the 
coffer-dam  will  be  floated  within  the  caisson,  and  will  be  guided  by 
the  latter  as  it  descends  with  its  load.  It  will  be  understood  that 
the  pier  is  completely  water-borne  by  the  coffer-dam  until  the 
quantity  of  masonry  in  it  has  become  so  great  as  to  cause  the  dam 
to  touch  the  bed  on  which  its  bottom,  with  the  pier,  is  to  rest  per- 
manently. When  the  pier  has  been  completed  above  water,  the 
dam  is  permitted  to  fill,  and  its  sides  will  then  be  disengaged  from 
the  bottom  and  removed,  to  be  used  in  putting  down  the  next  pier. 
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The  caisson  for  the  smaller  pier  can  be  withdrawn  and  used  for  the 
other  one ;  and  the  larger  one  may  possibly  be  saved  also. 

As  before  stated,  the  floating  cofier-dam  is  not  an  untried  experi- 
ment, but  has  been  frequently  used  to  place  piers  in  position  where 
the  bed-rock  or  other  substratum  was  favorable  for  their  reception. 
The  caisson  has  also  been  frequently  used  to  exclude  the  sand  or 
mud,  and  enable  that  within  it  to  be  removed  sufficiently  to  facili- 
tate the  driving  of  piles  to  a  greater  depth  and  in  firmer  soil  than 
would  be  otherwise  practicable. 

The  estimates  made  for  the  cost  of  this  work  prove  that  it  will 
be  much  less  expensive  than  any  other  method  yet  devised ;  while 
the  superiority  of  the  foundations  thus  made  will  be  beyond  all 
question. 


The  Theory  of  Puddling. — In  a  paper  read  before  the  late 
meeting  of  the  British  Association  by  Mr.  C.  W.  Siemens,  on  the 
subject  indicated  above,  a  new  and  important  view  was  expressed 
as  regards  the  nature  of  the  process  in  question. 

As  is  well  known,  it  has  been  generally  assumed  that  the  cast 
iron  on  the  hearth  of  the  reverberatory  furnace  combined  with 
oxygen  from  the  heated  air  mingled  with  the  burning  gases  which 
played  upon  it,  and  that  the  impurities,  such  as  silicon  and  carbon, 
were  thus  removed  from  the  iron,  the  first  in  the  form  of  gas,  the 
latter  as  solid  silica,  which,  combined  with  the  oxide  of  iron  or  fet- 
tling, introduced  and  formed  a  slag. 

According  to  Mr.  Siemens'  experiments,  however,  it  is  from  the 
fettling,  and  not  from  the  air,  that  the  oxygen  is  derived,  by  which 
the  impurities  suffer  conversion,  and  the  only  effect  of  the  air  in  the 
flame  is  to  burn  or  oxydize  the  iron.  This  was  proved  by  employ- 
ing a  perfectly  neutral  flame  (one  with  no  excess  of  oxygen),  when 
it  was  found  that  not  only  did  the  process  advance  as  well  as  before, 
but  that  the  weight  of  wrought  iron  produced  was  fully  equal  to 
that  of  the  pig  employed.  Now  as  some  part  of  the  pig — i.  e.,  the 
impurities,  was  undoubtedly  removed,  we  see  that  some  of  the  fet- 
tling must  have  been  reduced,  which  clearly  supports  the  new  and] 
is  opposed  to  the  old  theory. 
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By  Prof.  Alfred  M.  Mater,  Ph.D. 
(Continued  from  page  186). 

The  Molecular  Constitution  of  Matter. — The  Atomic  Theory  of 

Boscovich. 

Of  the  foregoing  facts  wliicli  we  have  brought  together,  concern- 
ing the  general  properties  of  matter  and  the  effects  of  attraction 
and  repulsion  existing  between  the  minute  parts  of  bodies,  we  can 
frame  a  hypothetical  theory  which,  in  a  few  lines,  or  postulates,  will 
embrace  what  we  otherwise  could  not  express  in  many  pages. 

This  theory  together  with  the  doctrine  of  the  Conservation  of 
Energy,  are  the  two  most  important  generalizations  in  Physics,  and, 
in  our  opinion,  the  following  generalization  forms  an  absolutely 
essential  introduction  to  the  proper  study  of  this  department  of 
science. 

The  ancient  Greek  philosopher,  Democritus,  propounded  an  hypo- 
thesis of  the  constitution  of  matter,  and  gave  the  name  of  atoms  to 
the  ultimate  unalterable  parts  of  v/hich  he  imagined  all  bodies  to 
be  constructed.  In  the  17th  century,  Gassendi  revived  this  hypo- 
thesis, and  attempted  to  develope  it,  while  Newton  used  it  with 
marked  success  in  his  reasonings  on  physical  ))henomena ;  but  the 
first  who  formed  a  body  of  doctrine  which  would  embrace  all  known 
facts  in  the  constitution  of  matter,  was  Roger  Joseph  Boscovich,  of 
Italy,  who  published  at  Vienna,  in  1750,  a  most  important  and  inge- 
nious work,  styled  Tlceoria  Philosopliive  Katuralis  ad  nnicam  le^jem 
virium,  m  Natura  existentium  redacta.  This  is  one  of  the  most  pro- 
found contributions  ever  made  to  science ;  filled  with  curious  and 
important  information,  and  is  well  worthy  of  the  attentive  perusal  oi' 
the  modern  student.  In  more  recent  days,  the  theory  of  Boscovich 
has  received  further  confirmation  and  extension  in  the  researches  of 
Dalton,  Joule,  Thomson,  Faraday,  Tyndall  and  others. 

"VVe  present  here  a  generalization  which,  while  gi.ving  the  sub- 
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stance  of  the  important  postulates  of  Boscovicli  embraces  others 
made  necessary  by  the  progress  of  science  since  1760. 

1.  Matter  has  trilineal  extension. 

2.  Is  impenetrable. 

3.  Does  not  form  a  plenum. 

4.  All  matter  consists  of  indefinitely  small  but  finite  parts;  of  ex- 
treme hardness ;  indivisible,  and  unalterable  by  either  mechanical 
or  chemical  means ;  and  endued  with  impenetrability  and  inertia. 
These  ultimate  parts  are  called  Atoms. 

5.  These  atoms  are  not  in  mathematical  contact,  but  are  separated 
from  each  other  by  distances  which  are  great  when  compared  with 
the  size  of  the  atoms. 

6.  A  union  of  atoms  forms  a  molecule,  and  combinations  of  mole- 
cules form  particles  of  which  all  bodies  are  composed. 

7.  There  exist  between  the  atoms,  attractions  and  tepulsions: 
when  these  tendencies  are  equal,  the  atoms  preserve  fixed  positions 
and  the  volume  of  the  body  is  constant.  These  molecular  forces 
vary  both  in  intensity  and  direction,  by  a  change  of  distance,  so 
that  at  one  distance  two  atoms  attract  each  other,  and  at  another 
they  repel ;  there  being,  within  the  distance  in  which  physical  con- 
tact is  observed  (about  ^^^ts^^  inch),  several  alternations  of  attrac- 
tion and  repulsion. 

8.  The  repulsion  of  two  atoms  generally  diminishes  more  rapidly 
than  their  attraction  when  the  distance  between  them  is  increased ; 
while  their  repulsion  increases  more  rapidly  than  their  attraction 
when  their  distance  is  diminished. 

9.  The  law  of  variation  is  the  same  in  all  atoms.  It  is  therefore 
mutual ;  for  the  distance  of  a  from  h  being  the  same  as  that  of  h 
from  a,  if  a  attract  or  repel  6,  h  must  attract  or  repel  a  with  exactly 
the  same  force. 

10.  At  all  sensible  distances  {i.  e.  beyond  j^'g^th  inch),  this  mutual 
tendency  is  attraction,  and  varies  inversely  as  the  squares  of  the 
distances.     It  is  known  as  gravitation. 

11.  The  last  force  which  is  exerted  between  two  atoms  as  their 
distance  diminishes,  is  an  insuperable  repulsion,  so  that  no  force 
however  great  can  press  two  atoms  into  mathematical  contact. 

12.  Between  the  molecules  of  gases  continued  repulsion  seems 
to  exist,  so  that  when  relieved  of  exterior  force,  a  gas  expands 
indefinitely. 

Between  the  molecules  of  liquids  exist  attraction  and  repulsion, 
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which  maintain  them  at  determinate  distances ;  but  they  have  no 
fixed  axial  direction,  so  that  a  liquid  molecule  will  rotate  around 
any  imaginary  axis  on  the  action  of  the  slightest  force.  Thus 
liquids  have  fluidity,  while  at  the  same  time  they  have  a  small 
range  of  compressibility. 

In  solids  the  molecules  have,  besides  their  mutual  attractions  and 
repulsions,  polarity  or  fixity  of  position  of  their  axes  inter  se,  so  that 
when  a  molecule  in  any  solid  is  turned  around  any  axis,  it  will  return 
to  its  primitive  position  after  a  series  of  decreasing  oscillations. 

Those  of  the  above  postulates  which  refer  to  the  mutual  action 
of  atoms,  can  be  geometrically  expressed  by  means  of  an  exponen- 
tial curve.     See  Plate  lY.,  Fig.  2. 

Let  an  atom  be  at  A,  while  another  is  anywhere  on  the  line  ax. 
Suppose  that  when  placed  at  i  for  example,  that  an  attraction  exists 
between  the  atoms.  The  intensity  of  this  attraction  is  represented 
by  the  length  of  the  line  i  I,  and  we  show  that  mutual  attraction 
exists  by  drawing  the  ordinate  to  the  point  i  above  the  axis  ax.  If 
the  atom  be  supposed  at  m  and  repelled  by  A,  then  the  repulsion 
and  its  intensity  are  expressed  by  drawing  the  ordinate  to' the  point 
//?,  below  the  axis  ax.  This  may  be  supposed  to  be  done  for  every 
point  of  the  length  AG,  which  represents  the  distance  between  the 
glass  plates  in  Huyghens'  experiment,  or  about  the  j^'^^  inch,  and 
thus  we  will  form  an  exponential  curve. 

As  there  are  several  alternations  of  attractions  and  repulsions,  the 
curve  will  consist  of  various  inflections  lying  alternately  above  and 
below  AX.  The  last  inflection,  most  distant  from  a,  viz :  g'  g"  is 
of  such  a  form  that  the  lengths  of  its  ordinates  being  the  recipro- 
cals of  the  squares  of  their  distances  from  a,  it  expresses  the  law 
of  gravitation ;  the  atom  at  G  being  at  the  point  called  the  limit  of 
jravitatio?i,  or  about  j^'g^  inch  from  A.  ax  will  be  an  asymptote 
to  this  curve,  while  the  inflection  c'  Dn  will  have  ay  for  asymptote; 
for  the  ordinate  expressing  repulsion  increases  beyond  all  limit  when 
the  distance  from  a  is  just  vanishing.  The  intermediate  branches 
'  'f  the  curve  must  be  determined  by  means  of  the  alternations  of 
attraction  and  repulsion,  in  the  experiments  already  described  and 
by  the  aid  of  the  various  phenomena  of  capillarity  and  of  molecular 
'liysics. 

If  an  atom,  supposed  at  the  point  c',  or  c",  or  &c.,  have  its  dis- 
tance increased  from  a,  it  will,  being  under  the  curve,  be  attracted 
with  an  intensity  represented  by  its  ordinate.    When  set  free  it  will 
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move  with  au  increasing  velocity  towards  its  primitive  position  of 
equilibrium,  whicli  it  will  surpass  on  account  of  its  inertia,  and, 
coming  into  the  sphere  of  repulsion,  it  will  be  repelled  from  a,  and 
thus  oscillate  about  its  point  of  equilibrium.  The  atom  will  there- 
fore eventually  return  to  c',  or  c",  or  &c.  These  positions  are 
called  limits  of  cohesion,  c'  being  designated  as  the  last  limit  of 
cohesion. 

If  an  atom  at  d',  or  d",  or  &c.,  be  moved  ever  so  little  from  its 
position,  it  will  rush  to  an  adjacent  limit  of  cohesion,  either  to  the 
right  or  to  the  left,  according  as  it  was  moved  from  or  towards  A. 
These  points,  d',  d"  &c»,  are  called  limits  of  dissolution,  and  dififer 
from  the  limits  of  cohesion  in  being  positions  of  unstable  equilib- 
rium, and  therefore  only  a  temporary  molecule  can  be  formed  by  an 
atom  placed  at  d',  d",  &c.,  with  an  atom  at  A ;  while  an  atom  at  c', 
c",  &c.,  together  with  the  atom  A  forms  a  j^ermanent  molecule,  which 
resists  compression  and  dilatation,  and  whose  component  atoms 
return  to  their  primitive  positions  when  the  extraneous  force  is 
removed ;  provided  the  compression  or  dilatation  has  not  been  too 
great;  for,  in  that  case,  the  atom  c",  for  example,  might  be  forced 
beyond  d'  by  a  compression,  or  removed  beyond  d''  by  a  dilatation, 
and  would  then  rush  to  another  position  of  permanent  equilibrium, 
either  to  c'  or  to  G.  The  only  molecule  that  cannot  possibly  be 
changed  by  compression  is  Ac'.  When,  however,  the  amount  of 
compression  or  dilatation  of  a  body  formed  of  permanent  molecules 
is  a  very  small  fraction  of  its  volume,  the  body  regains  the  dimen- 
sion it  had  before  the  compression  or  dilatation  was  applied,  and  it 
is  found  that  the  compression  or  dilatation  is  proportional  to  the 
force  employed ;  for,  in  this  case,  the  small  portion  of  the  curv^e 
which  expresses  the  variation  of  repulsion  or  attraction  may  be 
considered  a  straight  line,  and  therefore  its  ordinates  are  as  its 
abscissas. 

These  logical  consequences  of  the  theory  are  confirmed  by  the 
most  extensive  experience.  "  Mr.  Coulomb  was  engaged  (for  a  par- 
ticular purpose),  in  a  series  of  experiments  on  the  oscillations  of 
springs,  particularly  of  twisted  wires.  He  suspended  a  nicely  turned 
ball  or  cylinder  by  a  wire  of  a  certain  length,  and  fitted  it  with  an 
index,  which  pointed  out  the  degrees  of  the  torsion.  He  found  that 
when  a  wire  of  twenty  inches  long  was  twisted  ten  times,  the  index 
returned  to  its  primitive  position,  if  repeated  a  thousand  times,  and 
the  oscillations  were  made  in  equal  times,  whether  wide  or  narrow. 
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But  if  it  was  twisted  eleven  times,  the  index  did  not  return  to  its 
first  place,  but  wanted  nearly  a  whole  turn  of  it.  Here,  then,  the 
parts  of  the  wire  had  taken  new  relative  positions,  in  which  they 
were  again  at  rest.  But  what  was  most  Vemarkable  in  Coulomb's 
experiments  was  this :  He  found  that  after  the  wire  had  taken  this 
set  (as  it  is  termed  by  the  artizans),  it  exhibited  the  same  elasticity 
as  before.  It  allowed  a  torsion  of  ten  turns,  and  when  let  go,  it 
returned,  and  after  its  oscillations  were  finished,  it  rested  in  the 
position  from  which  it  had  been  taken.  I  was  much  struck  with 
this  experiment,  and  immediately  repeated  it  on  a  great  variety  of 
substances  with  the  same  result.  The  most  inelastic  substance  that  I 
know  is  soft  clay.  I  got  a  thread  made  of  fine  clay  at  a  pottery, 
by  forcing  it  through  a  syringe.  It  was  about  j'.^th  of  an  inch  in 
diameter,  and  eleven  feet  long.  "While  quite  soft  (and  smeared  with 
olive  oil,  to  prevent  its  stiffening  by  the  evaporation  of  its  moisture), 
I  fastened  it  to  the  ceiling,  and  fixed  a  small  weight  and  an  index 
to  its  lower  end.  I  found  that  it  made  5|  turns  a  hundred  times 
and  more,  without  the  smallest  diminution  of  its  elasticity,  always 
recovering  its  first  position.  But  when  I  gave  it  7  turns  it  re- 
turned only  5J.  Thus  it  took  a  set.  In  this  new  arrangement  of 
its  parts,  I  found  that  it  again  bore  a  twist  of  oh  turns  without 
taking  any  new  set.  And  I  repeated  this  several  times.  I  then 
gave  it  10  turns,  in  the  same  direction  with  the  first  seven.  It 
returned  5|  as  before,  and  was  again  perfectly  elastic  within  this 
limit." 

"  Another  appearance  of  tangible  matter  shows  a  most  encour- 
aging conformity  to  the  theory.  Where  bodies  are  very  moderately 
compressed  or  dilated,  the  forces  employed  are  pro})ortional  to  the 
change  of  distance  between  the  particles.  This  appears  most  ex- 
actly true  in  the  experiments  of  Dr.  Ilooke,  on  wliich  he  founded 
his  theory  of  springs,  expressed  in  the  phrase  ^U  tensio  sic  vis,  and 
his  noble  improvement  of  pocket  watches  l)y  applying  a  spiral 
spring  to  the  axis  of  the  balance,  which,  by  its  bending  and  unbend- 
ing, produced  a  force  proportional  to  the  angle  of  the  oscillations, 
and  therefore  made  them  isochronous,  whether  wide  or  narrow.  It 
is  also  confirmed  by  the  experiments  of  Coulomb  on  twisted  wires, 
and  by  the  form  of  the  elastic  curve,  as  determined  by  Bemouilli, 
on  the  supposition  that  the  forces  with  which  the  }>article.s  attracted 
and  repelled  each  other,  are  proportional  to  their  removal  from  their 
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natural  quiescent  positions.  But  it  is  found  that  wlien  the  com- 
pression or  dilatation  is  too  much  increased,  the  resistance  does  not 
increase  so  fast ;  that  it  comes  to  a  maximum  by  still  increasing 
the  strain,  then  decreases,  and  the  body  takes  a  great  set  or  breaks. 
All  this  is  perfectly  analogous  to  the  forces  expressed  by  the  ordi- 
nates  of  our  exponential  curve.  In  the  immediate  vicinity  of  the 
limits  of  cohesion,  the  ordinates  increase  nearly  in  the  ratio  of  the 
abscissae,  then  they  increase  more  slowly,  come  to  a  maximum, 
decrease  again,  till  we  come  to  a  limit  of  dissolution." 

(To  be  continued.) 


CORNISH  PUMPING  ENGINES 

By  W.  H.  G.  West,  First  Asst.  Eng.,  U.  S.  Navy. 

In  the  July  number  of  the  Journal  of  the  Franklin  Institute,  I 
find  a  paper  upon  this  subject,  from  W.  H.  Henderson,  Esq., 
Hydraulic  Engineer,  apparently  intended  to  show  the  causes  of  the 
superiority  of  this  kind  of  engine,  but,  in  reality,  to  a  careful  rea- 
der proving,  according  to  the  author,  that  the  rotative  engine  is 
equally  good,  or  perhaps  better. 

In  disposing  of  "  the  classified  points  of  merit,"  he  says  (page  31), 
"  Up  to  the  point  of  cut-off  the  velocity  of  the  weight  is  uniformly 
accelerated."  This,  Mr.  H.  here  says,  is  an  advantage;  but  on 
page  32  we  find  "a  uniform  speed  of  piston  is  required  in  the 
latter  "  pumping  water. 

The  motion  of  the  piston  is  accelerated  until  it  has  reached  such 
a  distance  beyond  the  point  at  which  the  steam  is  reduced  to  the 
mean  pressure  as  may  be  due  to  the  energy  stored  up  in  the  mov- 
ing parts. 

If  in  the  Cornish  Engine  "the  momentum  acquired  together 
with  the  force  given  out  by  the  expanding  steam,- carries  the  piston 
to  the  end  of  its  stroke,"  does  not  the  vis  viva  or  potential  energy 
stored  up  in  the  moving  parts  of  the  rotative  engine,  together  with 
the  work  done  by  the  expanding  steam,  carry  the  piston  of  that 
engine  to  the  end  of  its  stroke,  and  does  not  the  steam  perform  the 
>i:](,ole  work  in  either  case  ? 

The  Cornish  Engine  passes  through  the  steam  stroke  very 
rapidly.  If  the  pressure  at  the  end  of  the  stroke  equaled  the  re- 
sistance (page  31),  the  vis  viva  of  the  moving  parts  would  shoot 
the   piston  through   the  cylinder-head,   unless  prevented   by  the 
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catches,  ^[r.  II.  gives  us  this  same  thing  as  a  fault  in  the  nume- 
rous direct-acting  steam  pumps  (page  S-i),  and  in  these  words: 
"  The  terminal  pressure  must  invariably  be  equal  to  the  full  load? 
or  the  pump  will  come  to  a  dead  stand."  Now,  why  will  not 
momentum  help  this  unfortunate  engine  as  well  as  the  Cornish 
Engine?  It  will.  Mr.  II.  knows  it,  and  is  convinced,  too,  that 
the  terminal  pressure  need  be  no  more  equal  to  the  full  load 
in  one  machine  than  another,  except  where  we  have  light  moving 
parts,  which,  Mr.  II.  says,  are  bad  for  Cornish  Engines  (page  33), 
but  good  in  any  other  engine  (page  32). 

On  page  31,  we  find  that  the  plunger  descends  with  a  ''  uniformly 
augmented  velocity,"  and  the  momentum  acquired  is  again  stored  up 
at  the  end  of  the  stroke.  The  piston,  and,  therefore,  the  plunger, 
can  not  descend  in  this  manner,  for  it  is  brought  up  by  cushioned 
steam,  just  as  that  of  the  rotative  engine  is,  and  the  velocity  of 
each  piston  varies  from  full  speed  to  a  stand-still  at  each  end. 
Where  is  the  difference,  and  what  ill  effect  would  it  have  upon  the 
engine,  if  Mr.  Henderson's  statement  ivere  correct  ?  The  fly-wheel 
would  give  back  all  the  momentum  or  vis  viva  imparted  to  it,  but 
the  steam  would  not,  in  any  engine. 

Will  Mr.  H.  call  to  mind  that  we  find,  in  general  practice,  much 
higher  steam  used  in  rotative  engines  than  in  the  Cornish,  and  will 
he  favor  us  with  an  estimate  of  the  amount  of  power,  in  steam,  lost 
by  this  variable  speed  in  any  engine  ?  None,  I  think.  T\vo  or 
three  places  in  Mr.  H.'s  paper  have  been  referred  to  where  accele- 
rated motion  is  described  as  a  virtue. 

In  good  rotative  pumping  engines  the  pump-rod  is,  and  should 
be,  attached  to  the  piston-rod.  Here  we  need  but  a  light  fly-wheel, 
heavy  enough  to  overcome  friction :  for,  though  the  steam  is  doing 
no  work  at  the  end  of  the  stroke,  there  is  no  work  to  be  done  but 
that  of  overcoming  friction. 

No  serious  evil  effects  can  result  from  increasing  the  speed  of 
the  plunger  near  the  middle  and  towards  the  end  of  the  stroke,  for 
when  the  water  is  put  in  motion  the  plunger  may  move  faster. 
Were  the  steam  shut  off,  the  vis  viva  of  the  moving  water  would 
carry  the  engine  some  distance  with  it,  and  the  speed  may,  there- 
fore, increase  without  loss,  keeping  the  pressure  against  the  plunger 
uniform.  There  is  no  loss  here  from  variation  of  speed,  except  by 
friction;  frictional  resistance  varies  as  the  square  of  the  speed,  at 
low  speeds,  but  as  a  higher  power  at  higher  velocities ;  and  as  the 
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Cornisla  Engine  comes  in  like  a  rocket  when  it  takes  steam,  we 
may  infer  that  it  is  the  least  economical  of  engines,  as  far  as  that 
serious  quality  is  concerned. 

"We  now  pass  to  the  saving  of  steam  from  loss  by  clearance  and 
steam  passages,  and  the  isolation  of  the  working-end  of  the  steam 
cylinder  from  the  cooling  influence  of  the  condenser."  Isolation, 
in  this  case,  means  a  "  high  degree  of  expansion,"  or  very  high 
temperature  to  very  low  temperature  during  the  in-door  stroke  ; 
then  this  low  temperature — very  little  above  that  of  the  condenser 
— both  sides  of  the  piston  during  the  out-door  stroke ;  then  expo- 
sure of  all  the  cylinder  bht  about  a  foot  of  the  out-door  end  to  this 
same  temperature ;  and  last,  the  exposure  on  the  lower  side  during 
the  in-door  stroke  to  "  the  cooling  influence  of  the  condenser." 
That  is  saving  by  isolation  with  a  vengeance.  It  is  very  well 
known  that  the  pistons  of  Cornish  Engines,  perfectly  tight  at  one 
end,  leak  badly  at  the  other,  when  the  cylinder  has  no  casing,  or 
when  the  casing  is  cold.  This  may  well  be  expected  from  the  dif- 
ference of  expansion  of  metal,  and  more  especially  in  large  Cornish 
Engines,  where  the  grade  of  expansion  is  very  high,  and  the  corre- 
sponding differences  of  temperature  are  very  great. 

Cushion,  in  the  rotative  engine,  means  that  the  exhaust- valve 
closes  just  before  the  piston  reaches  the  end  of  its  stroke,  and,  shut- 
ting in  a  small  quantity  of  the  back-pressure  steam,  forms  a  cushion, 
which  takes  up  the  work  remaining  stored  up  in  the  moving  parts. 
This,  minus  loss  by  condensation,  is  given  out  again  immediately 
after  the  crank  passes  the  centre. 

Cushion,  in  the  Cornish  Engine,  means  shutting  up  steam,  per- 
haps two  pounds  higher  than  that  in  the  condenser,  and  compress- 
ing it  to  the  same  final  pressure  for  the  same  size,  weight  and  speed 
of  engine,  with  the  same  degree  of  expansion.  The  operation,  as 
well  as  the  result,  is  the  same  in  each  case,  and  the  only  difference 
I  can  see  is,  that  the  valve  is  in  one  instance  called  the  equilibrium, 
and,  in  the  other,  the  exhaust. 

On  page  33,  we  have  the  following:  "  It  is  evident  that  by  means 
of  this  cushioning,  the  loss  from  clearance  and  steam-ports  is  prac- 
tically nothing,  if  the  steam  so  compressed  be  equal  to  the  initial 
pressure."  How  the  extraordinary  feat  of  forcing  the  piston  up 
against  the  initial  pressure  is  done  by  a  simple  weight,  sufficient 
only  to  overcome  the  friction  at  a  speed  of  about  one  hundred  and 
fifty  feet  per  minute,  Mr.  H.  does  not  explain.     It  is  more  difiicult 
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to  comprehend  than  getting  into  a  tub  and  lifting  ones  self  by  the 
handles ;  and  even  were  it  possible,  the  piston  must  instantly  shoot 
back  again,  and  we  should  have  much  of  the  water  pumped  out  for 
nothing. 

In  the  large  rotative  engine,  a  half  inch  is  the  usual  clearance, 
and  this  cannot  be  afterwards  changed.  In  the  Cornish  Engine,  it 
depends  entirely  upon  the  cushioning ;  it  may  be  changed  by  turn- 
ing a  small  nut,  and  is  changed  by  every  rise  and  fall  of  steam. 
The  stroke  and  power  are  also  changed  by  every  change  of  pres- 
sure, and  as  these  changes  become  more  considerable,  the  losses  are 
increased. 

Numbers  of  rotative  pumping  engines  have  poppet  valves,  and 
these  [valves  are  fitted  so  close  to  the  inside  of  the  cylinder  that 
the  piston  passes  within  a  half-inch  of  each  valve-seat.  There 
never  has  been  a  Cornish  Engine  built  with  such  short  ports. 

The  faithful  return  of  vis  viva  is  a  very  pretty  fancy,  but  it  does 
not  apply  to  the  Cornish  Engine  where  it  will  not  apply  to  the 
rotative. 

Steam  is  not  perfectly  elastic ;  it  condenses  in  expanding ;  it  is 
condensed  by  radiation,  and  it  cannot,  therefore,  return  the  vis  viva 
imparted  to  it  by  the  moving  parts.  There  must  be  a  loss,  and  the 
heavier  the  engine  is,  the  greater  will  be  that  loss. 

The  advantage  which  the  beam  engine  appears  to  have  over  the  Bull 
engine  is,  that  it  starts  its  load  with  more  ease.  The  Bull  engine  is 
generally  more  rigid  than  the  beam  engine,  and  in  it  we  have  a 
dead  pressure  from  the  beginning  of  the  stroke ;  but  the  beam 
engine  will  have  passed  through  some  space,  and  will  have  given  a 
velocity  and  an  energy  to  the  moving  parts  before  the  whole  strain 
or  weight  of  water  comes  upon  the  machinery ;  we  then  have  two 
forces  to  start  the  load  instead  of  one.  But  this  advantage  is  so 
small  that  Bull  engines  do  just  as  good  duty  as  others — perhaps 
better ;  and  one  engine  can  be  made  to  spring  as  much  as  another, 
if,  at  some  risk,  we  make  them  weak  enough. 

The  momentum  (improperly  called)  of  the  "piston  and  connections 
is  given  out  gradually  in  the  rotative  engine,  as  the  piston  approaches 
the  "dead  point,"  and  just  before  it  reaches  that  point,  momentum 
vis  viva,  or  whichever  is  the  correct  word  in  this  place,  dies  too, 
for  here  motion  of  the  piston,  &c.,  ceases,  and  without  that,  where 
is  the  energy  ?     So  not  the  smallest  imaginable  quantity  is  given 
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out  through  the  crank-pin  to  the  wheel,  or  anything  else,  at  the 
"  dead  point." 

Steam  jackets  may  be  applied  to  any  engines,  even  to  locomo- 
tives, and  would  be,  too,  if  practical  men  thought  it  would  pay. 
Numbers  of  marine  and  stationary  engines  have  th.em.  The  Cor- 
nisli  Engine  does  not  possess  the  sole  right  to  wear  jackets,  any 
more  than  the  rotative  engine,  only,  enjoys  the  right  of  wearing  its 
warm  felt  coat.  The  coal  would  do  mucb  better  duty  were  the  hot 
gases  from  it  turned  into  the  jacket,  instead  of  being  employed  in 
evaporating  water,  half  of  which  is  condensed  again  before  the 
remainder  reaches  the  jacket. 

The  real  causes  of  success  of  the  Cornish  Pumping  Engine  are  so 
simple,  that  only  men  of  very  practical  minds  discover  and  appreciate 
them,  and  this  simple  machine  remains  a  mystery  even  to  those 
who  have  made  its  manufacture  their  principal  occupation,  when 
it  is  no  more  difficult  to  understand  than  is  drawing  water  from 
a  well  in  "  the  old  oaken  bucket." 

Many  rotative  engines  do  as  good  duty  as  the  best  Cornish 
Engines,  and  the  pump-work  should  be  constructed  on  the  same 
principle  for  all  kinds ;  but  many  a  man  undertakes  to  design 
engines  before  he  can  sketch  a  windlass  properly. 

The  simplest  and  cheapest  way  to  pump  water  is,  to  force  some 
perfectly  smooth  substance,  without  appreciable  pores,  into  the 
body  of  water,  so  that  the  water  may  rise  a  corresponding  amount 
and  flow  away.  Here  we  have  no  friction,  no  leaks,  and,  therefore, 
no  loss  of  efficiency.  All  the  power  is  utilized.  When  we  add  a 
casing  or  working  barrel  with  packing,  we  add  friction ;  when  we 
add  valves,  we  add  the  work  of  forcing  them  ^open ;  when  we  add 
receiving  and  delivery  pipes,  we  add  friction ;  when  we  add  turns, 
we  add  obstructions ;  when  we  contract  the  pipes  or  valves,  we  add 
thousands  of  smaller  obstructions,  and  increase  the  friction,  as  the 
square  of  the  speed  of  the  water  through  the  pipes  must  increase ; 
and  when  the  valves  are  lifted,  they  take  time  to  get  down  again, 
and  water  must  leak  back.  The  valves  and  packing  will  leak  at 
other  times,  unless  they  are  carefully  attended  to. 

In  "  Smith's  Mechanics  "  I  find  the  following  statement :  a  pipe  of 
12  inches  diameter,  2,340  fathoms  in  length,  with  a  head  of  20  feet, 
discharged  -j'gth  of  that  which  would  have  been  obtained  from  a 
simple  orifice  of  the  same  diameter.  Cornish  pumps,  well  designed, 
have  large  pipes ;  the  length  is  governed  by  the  depth  of  mine. 
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Plungers  have  been  packed  so  tight  as  to  heat  the  metal  and 
vaporize  the  water  around  it.  The  receiving  valve  could  not 
lift,  and  the  pump  did  not  work.  Cornish  pumps  are  packed  with 
soft,  elastic  hemp  packing,  or  the  best  substitute  at  hand,  and  the 
cup  of  the  gland  is  kept  full  of  some  fluid  lubricating  matter. 

The  valves  or  clacks  of  the  Cornish  pumps  are  made  of  large 
diameter  and  small  lift;  they  shut  quickly,  and  the  leak  back 
through  them  is  correspondingly  small.  The  stroke  of  the  plunger 
is  always  long,  and  the  times  of  leaking  back  are  thereby  lessened. 

There  is  but  one  turn  in  the  Cornish  pumps — that  from  the 
plunger-case  to  the  column.  The  difiference  of  velocity  before  and 
after  impinging  will  be  a  measure  of  the  loss.  A  GOO-pounder 
cannon  shot  will  pierce  a  10-inch  wrought-iron  plate ;  but  in  about 
a  foot,  the  velocity  is  reduced  from  about  1,800  feet  per  second  to 
no  speed  at  all.  "Were  it  fired  along  the  face  of  the  plate,  it  would 
be  retarded  only  by  friction  and  air,  and  would  go  five  or  six  miles. 
One  foot  to  five  miles,  and  all  owing  to  obstructions.  "Water, 
moving  through  pipes,  acts  in  exactly  the  same  way. 

The  above  reasons,  together  with  the  fact  that  the  attendants  are 
guided  by  them  in  taking  care  of  the  machinery,  explain  the  supe- 
riority of  the  Cornish  Pumps. 

There  is  nothing  peculiar  in  the  Cornish  boiler,  but  it  is  put  into 
its  place  with  the  knowledge  that  there  is  a  certain  amount  of  heat 
to  be  developed  by  the  perfect  combustion  of  the  coal,  and  with 
the  determination  to  utilize  as  much  as  possible  of  it.  The  grate 
surface  is  large,  the  fire  burns  slowly,  the  gases  have  time  to  gene- 
rate and  mix  with  oxygen,  and  the  combustion  is  almost  perfect. 
In  this  way,  for  the  same  heat  developed,  a  smaller  amount  of  coal 
is  burned  than  in  ordinary  furnaces.  The  boiler  is  completely 
enveloped  in  flues,  the  heating-surface  is  correspondingly  great,  and 
all  the  heat  is  absorbed  by  the  water,  except  what  is  necessary  for 
draft,  or  the  little  that  is  conducted  away  by  the  thick  brick  walls. 
These  walls  are  very  cool  outside,  and  the  draft  is  only  sufficient  to 
burn  the  coals  slowly,  so  there  is  little  or  no  heat  lost. 

The  size  of  the  boiler  is  regulated  by  the  fact  that  a  steam  engine 
is  to  be  driven — not  a  hydraulic  jack.  "Water  has  a  free  passage 
to  the  hot  plates,  and  steam  has  an  equally  free  passage  away  from 
them  and  straight  up  through  the  water ;  not,  as  is  very  often  the 
case  in  other  boilers,  along  the  faces  of  the  hot  sheets,  keeping  the 
water  away.    Then  the  boiler  is  made  large  enough  for  the  engine ; 
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there  is  no  violent  rusli  of  steam,  carrying  water  witli  it,  into  the 
cylinder  at  one  time  and  perfect  exhaustion  at  another.  Every- 
thing is  quiet,  calm,  regular ;  the  steam  is  dr}^,  somewhat  superheated 
by  the  upper  flues,  and  passes  unobstructed,  without  any  sound, 
through  a  large,  short  pipe  to  the  engine ;  and  these  are  the  causes 
of  economy  in  the  Cornish  boiler. 

A  large  valve,  with  small  lift,  opens  quickly,  and  the  full  boiler 
pressure  is  at  once  thrown  upon  the  piston.  The  effect,  it  is  gener- 
ally conceded,  of  a  load  suddenly  applied,  is  nearly  twice  what  it 
is  when  very  slowly  applied,  and  we  have  the  full  benefit  of  it  here. 
The  too  ready  use  of  the  governor,  where  the  load  is  steady,  is  iin- 
mistakably  wrong ;  the  position  of  the  cut-off  should  be  changed,  if 
the  steam  pressure  varies. 

Expansion  is  carried  to  the  fullest  economical  extent,  in  the  cir- 
cumstances. Steam  condensed  in  expansion,  or  in  the  pipe  by 
radiation,  and  water  carried  over  by  steam  from  the  boiler,  if  it 
ever  is,  is  re- vaporized  by  heat  from  the  jacket  when  the  tempera- 
ture of  the  steam  in  the  cylinder  falls  below  that  in  the  jacket. 

The  condenser  is  made  especially  to  condense  the  steam,  and  the 
sooner  it  gets  there,  after  it  has  done  its  work  in  the  cylinder,  the 
better. 

The  exhaust-pipe  should  be  large,  but  short,  and  clothed  so  that 
the  passage  of  steam  may  not  be  retarded  by  cold.  It  is  no  more 
a  condenser  than  the  steam-pipe  is  a  generator. 

The  injection  should  enter  the  condenser  above  the  steam,  and 
above  a  scattering  plate ;  this  plate  will  break  the  large  body  of 
Avater  into  small  parts,  and  give  it  a  better  opportunity  to  mix  inti- 
mately with  the  steam.     Condensation  will  then  be  more  rapid. 

The  condenser  should  not  be  used  as  a  reservoir,  and  the  air- 
pumps  should  be  situated  low  enough  to  take  nearly  all  the  water 
out  of  the  condenser ;  the  channel-plate  will  then  remain  full,  and 
the  foot-valve  cool.  Experience  is  the  best  measure  of  the  size  of 
condenser  and  air-pump ;  but  the  former  should  not  be  too  large, 
nor  the  latter  too  small. 

Every  joint  in  the  engine  should  be  perfectly  tight ;  and,  if  the 
air-bucket  brings  the  water  against  the  delivery-valve  with  a  shock, 
a  small  pipe,  with  a  check- valve  opening  inward,  may  be  led  into 
the  upper  part  of  the  pump,  when  all  the  noise  in  that  part  of  the 
engine  will  cease. 

All  these  things  apply  as  well  to  the  rotative  engine  as  the  Cor- 
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nisb ;  but  the  latter  class,  especially  those  of  the  Bull  engine  type, 
have  less  rubbing  surface  than  any  other.  An  idea  of  how  much 
less,  may  be  formed  by  the  following  comparison.  The  Bull  engine 
.stands  directly  over  the  shaft ;  the  rubbing  surfaces  are  the  piston 
and  the  piston-rod  stuffing-box.     Guides  are  seldom  necessary. 

The  rotative  has,  in  addition  to  the  above,  the  crank-pin,  two 
journals,  bearing,  perhaps,  a  forty  ton  wheel,  the  guides,  and  all 
connections  leading  to  the  shaft.  One  system  of  valve-gearing  may 
balance  another ;  but,  generally,  the  Cornish  gear  is  easiest  worked. 
If  we  tighten  the  crank-pin  brasses  a  little  too  much,  the  pin  is, 
perhaps,  red-hot  in  ten  minutes.  If  we  tighten  the  crank-shaft 
brasses  a  little  too  much,  the  engine  may  stop  in  ten  minutes.  I 
have  seen  these  things  occur. 

Steam  in  the  steam  stuffing-boxes,  good  packing,  oil  in  the  gland- 
cups,  the  least  possible  obstruction  to  the  passage  of  water  and 
steam,  and  smooth,  well  lubricated  bearing  surfaces,  go  to  make 
the  superiority  of  this  machine. 

The  secrets  of  the  success  of  the  Cornish  engineer  are  these  -. 
He  has  certain  work  to  be  done.  He  has  certain  power  to  do  it. 
He  makes  and  keeps  a  clear  track.  He  applies  all  the  power  given 
into  his  hand.  He  knows,  too,  that  pumping  water  is  a  simple, 
straightforward  business,  and  be  goes  about  it  in  a  simple,  straight- 
forward way.  Commencing  with  the  study  of  first  principles,  he 
produces  an  eft'ective  machine. 

Most  Cornish  engineers  can  do  little  else  than  make  a  good 
pumping  engine,  but  they  do  that  well.  The  man  that  can  make 
a  good  rotative  engine  tinder  standingly^  will  not  fail  to  make  a  good 
Cornish  engine. 

As,  in  Cornwall,  fuel  is  very  expensive,  and  mines  are  very  deep — 
several  over  four  hundred  fathoms — the  greatest  care  is  necessary 
to  make  them  pay,  and  were  the  engines  badly  designed  and  con- 
structed, or  carelessly  managed — were  the  coal  wasted  in  bad  firing, 
leaks  or  unnecessary  friction,  as  in  many  of  our  rotative  engines — 
the  duty  would  soon  come  down,  and  the  high  reputation  now 
enjoyed  by  the  Cornish  mining  engineer,  and  his  pumping  engine, 
would  be  heard  of  no  more. 

And  these  are  the  causes  of  superiority  of  the  Oornish  Pumping 
Engine. 
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ON  THE  INFLUENCE  OF  ARTIFICIAL  ILLUMINATION  ON  THE 
QUALITY  OF  THE  AIR  IN  DWELLING-HOUSES. 

Translated  from  the  German  of  a  paper  of  Dr.  Gorup-Besanez,  and  read  before  the 
Polytechnic  Association  in  New  York,  December  26,  1867. 

By  Dr.  Adolph  Ott. 

The  respiratory  exhalations  of  man,  and  the  products  of  com- 
bustion, generated  by  the  various  contrivances  for  artificial  illumi- 
nation, are  to  be  regarded  as  the  chief  causes  of  the  unhealthy 
condition  of  the  air  in  dwelling-houses,  these  being  an  abundant 
source  of  carbonic  acid  gas.  ^[r.  Pettenkofer,  the  learned  savant  of 
Munich,  in  investigating  to  what  degree  the  air  in  dwelling-houses 
may  be  charged  with  this  gas,  showed  that  its  quantity  may  serve 
us  as  an  indicator  of  the  impurity  of  air,  though  it  is  not  the  only 
and  perhaps  not  the  prevalent  cause  of  bad  air,  as  other  changes  of 
the  atmosphere  (as  those  produced  by  organic  vapors),  are  nearly 
always  proportional  to  the  increase  of  carbonic  acid  gas.  Or, 
the  increase  of  this  gas  may  indicate  how  many  times  a  certain 
quantity  of  air  has  been  subjected  to  the  respiratory  actions  of  the 
lungs  and  bodies,  of  a  certain  number  of  individuals. 

The  various  contrivances  for  artificial  light  also  exert  an  injuri- 
ous influence  on  the  quality  of  the  air  in  dwelling-houses,  which  is 
the  worse,  the  brighter  the  illumination  or  the  greater  the  dispro- 
portion between  the  number  of  flames  and  the  size  of  the  room 
which  is  illuminated,  and  its  state  of  ventilation.  As  well  under- 
stood, however,  as  this  may  be,  it  appears  that  no  experiments  have 
been  made  as  to  the  value  which  this  factor  may  reach  under  dif- 
ferent circumstances.  Dumas  only  states  the  important  fact,  that 
in  gas  illumination,  both  the  consumption  of  oxygen  and  the  pro- 
duction of  carbonic  acid  is  very  considerable.  The  question,  how- 
ever, whether  the  quantity  of  carbonic  acid  of  an  artificially  illu- 
minated room  can  be  considered  as  an  indicator  for  the  impure 
condition  of  the  air,  must  be  investigated  further.  It  cannot  be 
denied  that  Pettenkofer's  statement  cannot  be  applied  directly  for 
artificial  illumination. 

The  little  that  it  offers,  is  strong  grounds  to  search  for  the  pre- 
valent cause  of  the  vitiated  condition  of  the  atmosphere  of  a  room 
in  its  amount  of  carbonic  acid,  but  with  even  less  reason  can  this  be 
adopted  for  artificial  illumination,  as  it  is  just  in  this  case  that  the 
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imperfect   products  of  combustion  are  to  be  considered  iu  their 
hygienical  effects.     While  on  one  hand,  we  may  admit  with  safety, 
that  in  an  impure  air,  caused  by  the  respiratory  and  perspiratory 
exhalations  of  man,  the  increase  of  other  organic  gases  are  propor- 
tional to  the  increase  of  carbonic  acid  gas,  this  does  not  seem  to 
hold  true  in  the  case  of  artificial  illumination;  nay,  it  appears  (ac- 
cording to  the  theory  of  combustion),  as  if  the  quantity  of  carbonic 
acid  gas  and  that  of  the  gaseous  products  of  imperfect  combustion 
were  inversely  proportional  to  each  other.     This  certainly  would 
be  so,  if  we  were  able  to  produce  perfect  combustion,  but  it  is  a  well 
demonstrated  fact  that  in  ordinary  illuminating  flames,  perfect  com- 
bustion does  not  occur.     Perfect  and  imperfect  products  of  com- 
bustion must,  therefore,  be  in  a  nearly  invariable  proportion  to  each 
other,  and  the  more  illuminating  material  is  consumed,  the  more 
carbonic  acid,  carburetted  hydrogen  and  oxide  of  carbon  will  be 
generated.     The  amount  of  carbonic  acid  will  therefore  give  us 
always  a  measure  for  the  whole  quantity  of  the  combustion  pro- 
ducts mingling  with  the  atmosphere  in  artificial  illumination.    Ex- 
periments in  this  direction  have  been  made  in  Germany,  by  the  very 
able  chemist,  J)r.  Zoch.     He  has  also  made  a  series  of  determina- 
tions on  the  increase  of  carbonic  acid  in  lighting  a  room  of  a  known 
capacitv  with  gas,  petroleum  and  rape-seed  oil.     Consumption  of 
the  lighting  material,  time  and  intensity  of  light,  were  self-evi- 
dentlv  taken  into  account.     The  room  in  which  those  experiments 
were  made,  was  of  a  capacity  of  2,540  cubic  feet ;  it  had  two  largo 
windows,   one    door   being   opposite,  with    two  blank   walls,    the 
third  being  at  the  corridor.     The  building  material  was  good,  dry 
sand-stone.     During  the  experiments,  the  room  was  either  not,  or 
only  momentarily,  entered. 

Gas  illumination  was  performed  by  the  flame  of  a  common  soaj)- 
stone  burner.  The  gas  was  coal  gas  of  good  quality,  and  the  con- 
suipption  reached  five  cubic  feet  per  hour,  the  illuminating  power 
being  equal  to  ten  and  a  half  normal  flames  (one  normal  flame  being 
equal  to  that  of  a  stearine  candle  weighing  a  quarter  pound). 

Petroleum  illumination  was  performed  by  a  common  kerosene 
lamp,  with  burner ;  it  gave  a  bright  light  without  smoke.  The 
spec.  grav.  of  the  rectified  petroleum  was  0-805,  the  consumption  231 
grain.-^  per  hour,  and  the  illuminating  effect  equal  to  three  and  :i 
half  normal  flames. 

The  rape-seed  oil  illumination  was  performed  by  a  "moderator" 
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lamp,  with  round  burner.  The  consumption  was  equal  to  470 
grains  of  oil  per  hour,  the  lighting  effect  being  equal  to  four  and  a 
half  normal  flames. 

The  photometric  measurements  were  performed  by  Bunsen's 
photometer,  the  carbonic  acid  was  determined  by  Pettenkofer's 
method,  with  a  solution  of  baryta  and  oxalic  acid.  One  determi- 
nation was  made  before  the  experiment,  and  the  other  after  its 
conclusion.  From  these  trials,  it  was  very  soon  discovered  that 
the  increase  of  carbonic  acid  in  burning  one  and  the  same  flame,  was 

FIKST  SERIES  OF^EXPEEIMENTS— GAS  ILLUMINATION. 

Determination  of  the  increase  of  carbonic  acid  in  burning  a  gas  flame 
=  lOJ  normal  flames. 

By  Dr.  Zoch. 

The  ezperiments  were  conducted  in  a  room  with  closed  double  windows,  in  April, 

1866. 
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0-555 
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49     " 
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previous  night. 
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0512 
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becoming  smaller  for  every  following  period  of  time,  as  natural  ven- 
tilation was  setting  in.  The  trials  were  therefore  continued  with 
each  illuminating  material  until  the  increase  of  carbonic  acid  gas 
had  reached  its  maximum.  The  results  of  Dr.  Zoch  seem  to  me 
not  to  be  without  interest,  and  well  adapted  to  fill  a  void  hitherto 
existing,  and  this  may  justify  their  publication. 

These  determinations  being  made  with  double  windows,  it  seemed 
not  to  be  without  interest,  to  repeat  them  with  single  windows,  in 
order  to  perceive  the  changes  contrasted  with  natural  ventilation. 
The  results  communicated  in  the  following  table,  prove  that  this 
influence  was  very  small. 

THE  EXPERIMENTS  WERE  CONDUCTED  IN  APRIL  AND  MAY, 

1866. 

Experimenter,  Dr.  Zoch. 


Burning  time. 

Gas  consumption  in  cubic  feet. 

Carbonic  acid  of  the 

atmosphere 

per  thousand. 
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12 
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2-043 
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Very  windy. 

Rain. 
Heavy  wind. 
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From  these  experiments,  we  learn  the  interesting  fact,  that  in 
burning  a  single  gas  flame  in  an  ordinary  sized  room  for  several 
hours,  the  amount  of  carbonic  acid  of  the  atmosphere  may  reach 
three  parts  per  thousand,  viz :  a  quantity  only  to  be  met  with  in  hospi- 
tals, prisons  and  garrisons,  where  the  process  of  respiration  of  many 
individuals  is  going  on.  Even  the  burning  of  a  gas  flame  during 
the  time  of  forty-eight  minutes,  with  the  small  gas  consumption  of 
four  cubic  feet,  is  sufficient  to  produce  a  quantity  of  carbonic  acid 
gas,  which  is  twice  as  great  as  that  of  the  atmospheric  air.  It  may 
also  be  seen  that  the  increase  of  carbonic  acid  gas  remains  approxi- 
matively  the  same  for  equal  times  and  at  different  observations, 
while  it  does  not  increase  proportionally  for  a  longer  time,  as  then 
natural  ventilation  is  constantly  becoming  more  effective.  These 
circumstances  explain  the  above  figures  so  well,  that  further  dis- 
cussion appears  superfluous. 


SECOND  SEKIES  OF  EXPERIMENTS— PETROLEUM  ILLUMINATION. 

Determinations  of  the  increase  of  carbonic  acid  in  burning  a  kerosene  lamp. 
Lighting  effect  =  3}  normal  flames. 

Experimenter,  Dr.  Zoch. 


Burning  time. 

Kerosene 

consumption 

in  grains. 

Carbonic  acid  of  the  atmos- 
phere per  thousand. 

Increase  of 
carbonic  acid. 

Before  comb. 

After  comb. 

Ih. 

235-33 

0-593 

1-072 

0-479 

1 

Ih. 

235-33 

0-550 

0.975 

0-425           j 

2h. 

470-61 

0-786 

1-438 

0-652           ; 

2h. 

470-01 

0-675 

1-440 

0-765 

3h. 

705-15 

0-606 

1-441 

0-865 

4h. 

944-31 

0-697 

1-577 

0-880 

1 
i 

In  burning  a  kerosene  lamp,  the  production  of  carbonic  acid  gas 
is  considerably  less  than  in  burning  a  gas  flame  ;  the  numbers,  how- 
ever, cannot  be  directly  compared,  since  they  are  not  reduced  to 
the  same  lighting  effect.     We  shall  see,  that  in  this  case,  kerosene 
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illumination  generates  even  more  carbonic  acid  gas  than  does  gas 
illumination, 

THIKD  SERIES  OF  EXPERIMENTS— RAPE-SEED  OIL 
ILLUMINATION. 

Detenninuiion  of  the  increase  of  ourbonic  acid  in  burning  a  "moderator"  lamp  with 
Argand-burner.     Lighting  effect  =  4 J  normal  flames. 

Experimenter,  Dr.  Zoch. 


Carbonic  acid  of  the  atmos- 

Burning time. 

Rape-seed  oil 

consumption 

in  grains. 

phere  per  thousand. 

Increase  of 
carbonic  acid. 

Before  comb. 

After  comb. 

1  li. 

41G-G1 

0-1108* 

1-244 

033G 

•2  h. 

941-23 

U-513                    llG-2 

OC49 

3  h. 

1,296]2 

0-623                    1-3G7 

0-744 

4  h. 

1.820-74 

0-7C9 

1-537 

0  7G8 

1 

As  seen  from  this  table,  rape-seed  oil  illumination  generates  tbe 
smallest  amount  of  carbonic  acid  gas,  although  the  "moderator''  lamp 
has  a  greater  lighting  effect  when  compared  with  the  small  kerosene 
lamp,  and  notwithstanding  the  greater  consumption  of  oil  by  the 
latter.  After  four  hours,  the  quantity  of  carbonic  acid  in  the  room 
amounted  to  1"537  per  thousand,  that  is,  only  half  as  much  as  gene- 
rated by  an  ordinary  gas  flame  during  the  same  time.  From  these 
experiments,  it  is  obvious  that  we  procure  pure  and  brilliant  light 
of  gas  illumination  at  the  expense  of  pure  atmo.sphere. 

The  numbers  communicated  in  the  foregoing  tables  can,  however, 
not  be  directly  compared  with  each  other,  they  being  not  reduced  to 
the  .*-^ame  lighting  effect.  We  have  done  this  in  the  following  table, 
where  the  increase  of  carbonic  acid  in  the  three  modes  of  illumina- 
tion is  calculated  for  the  space  of  100  cubic  metres  (130-8  cubic 
yards),  and  upon  a  lighting  effect  of  ten  normal  flames,  at  the  time 
':)f  one,  two,  three  and  four  hours. 

*  This  amount  of  CO.J  is  to  be  accounted  for  by  the  presence  of  many  individuals 
in  the  room  previous  to  the  experiment. 
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Burning  time. 

1 

Increase  of  CO.^  per  thousand.                i 

For  kerosene. 

For  gas. 

For  rapo-ieed 
oil.          : 

1  h. 

2h. 

3  h. 

1         4  1,. 

0-929 
1-456 
1-779 
1-811 

0-708 
1-342 
1-513 
1-562 

0-537 

1-038 
1-190 
1-229 

These  experiments  allow  some  important  conclusions.  First,  we 
see  that  kerosene  yields  more  carbonic  acid  gas  than  street  gas,  and 
the  latter  more  than  oil ;  in  accordance  therewith,  Dr.  Zoch  observed 
that  in  kerosene  illumination  the  atmosphere  was  more  vitiated  when 
the  amount  of  carbonic  acid  had  reached  1-779  per  thousand,  a  phe- 
nomenon not  at  all  observable  in  rape-seed  oil  illumination,  and  in 
a  scarcely  perceivable  degree  in  gas  lighting.  As  we  cannot  possi- 
bly believe  that  the  carbonic  acid  alone  is  the  cause  of  this  impurity, 
we  have  to  account  for  it  in  the  products  of  imperfect  combustion, 
and  hence  we  obtain  another  argument  for  the  hypothesis,  that  the 
amount  of  carbonic  acid  generated  in  illumination  may  be  taken  as 
an  indicator  fur  the  other  changes  in  the  air.  A  delicate  nose  detects 
in  petroleum  illumination  very  soon  the  products  of  imperfect  com- 
bustion. The  foregoing  numbers  also  show  us  that  for  the  three 
modes  of  illumination,  a  maximum  in  the  production  of  carbonic 
acid  gas  is  reached  after  three  hours. 

Though  it  may  seem  presumptive  to  generalize  conclusions  from 
the  above  numbers,  they  nevertheless  seem  to  be  useful  in  the  for- 
mation of  hygienic  postulates.  They  firstly  prove  the  excellency 
of  good  rape-seed  oil  illumination,  which  charges  the  air  the  least 
with  extraneous  impurities.  Of  no  great  practical  importance  is 
it  that  kerosene  contributes  most  to  vitiate  the  air,  as  this  mode  of 
lighting  is  not  very  general,  but  it  is  a  very  different  affair  with  gas 
illumination.  Who  has  not  noticed  of  late  years  in  the  illumination 
of  the  stores,  theatres,  concert  and  political  halls  of  our  great  cities 
the  fact  that  each  attempts  to  rival  his  neighbor  in  the  glaring  effect 
of  gas  light,  but  at  the  same  time,  who  has  not  also  made  the  obser- 
vation that  the  greater  the  light,  the  greater  the  oppressiveness  and 
vitiation  of  the  atmosphere  ?     We  are  of  the  opinion  that  this  sen- 
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satiou  of  discomfort  is  partly  to  be  attributed  to  the  radiant  heat, 
also  an  effect  of  gas  illumination.  Briguet,  a  French  physicist,  has 
found  that  a  gas  burner,  consuming  -i'ST  cubic  feet  per  hour,  heats 
1-74  cubic  yards  of  air  from  32°  to  212°  F.  At  a  distance  of  one  foot 
from  a  gas  flame  of  1'14  inches  diameter,  -which  was  surrounded  by 
a  glass  cylinder,  the  thermometer  rose  3*6  degrees,  but  at  a  distance 
of  only  6'3  inches,  not  less  than  10"8  degrees.  Another  source  of 
this  discomfort,  however,  is  undoubtedly  and  even  in  a  well  venti- 
lated room,  the  vitiation  of  the  air  spoken  of.  Individuals  who  are 
compelled  to  remain  in  a  brightly  illuminated  room  for  some  time, 
complain  soon  of  impediment  in  breathing,  a  dry  heat  in  the  throat, 
a  tickling  sensation  in  the  larynx,  dry  and  fatiguing  cough.  "With 
people  of  weak  chests  and  tuberculous  constitution,  this  kind  of 
atmosphere  agrees  least.  To  ascribe  those  symptoms  to  the  effect 
of  heat  alone,  would  certainly  be  unjustifiable. 

There  are  many  unfounded  prejudices  against  the  use  of  gas 
in  private  houses;  for  small  rooms  with  imperfect  ventilation,  this 
mode  of  lighting  is  undoubtedly  not  well  adapted,  and  all  the  dis- 
advantages noticed  will  appear  in  a  higher  degree ;  I  doubt,  however, 
very  much,  if  those  accustomed  to  the  bright  light  and  convenience 
of  gas  illumination,  will  be  induced  by  such  suppositions  to  quit  the 
use  of  so  very  comfortable  an  article,  before  ill  health  has  been  the 
punishment  for  the  neglect.  Whether  the  atmosphere  of  a  room 
when  it  is  charged  with  three  per  thousand  of  CO^  in  consequence 
of  artificial  illumination,  will  have  the  same  effects  as  an  air  vitiated 
to  the  same  degree  with  this  gas  by  respiration  and  perspiration, 
and  whether  the  other  products  hereby  generated  are  of  equal  effect, 
is  a  question  yet  to  be  decided,  but  worthy  of  consideration. 


Electro-Plating  Iron  with  copper  and  brass.  The  process 
so  successfully  carried  out  in  France  for  this  purpose,  has  been 
recently  published,  and  is  very  simple.  The  iron  object  is  coated 
with  a  varnish  of  resin,  dissolved  in  benzine.  This  is  then  coated 
with  plumbago,  as  in  electro-plating  non-metallic  bodies,  and  the 
copper  then  deposited  as  usual.  Iron,  as  all  know,  takes  a  light 
coat  of  copper  Avith  singular  ease,  by  electric  decomposition  or 
chemical  substitution  ;  but  as  soon  as  any  effort  is  made  to  thicken 
this  layer,  it  peels  off.  To  overcome  this  difficulty,  has  hitherto 
defied  the  ingenuity  of  many  experimenters,  but  the  question  has 
at  last  received  the  curious  practical  solution  above  noticed. 

Vol.  LVI  — Tuird  Seriks  — No.  4.— Octoher,  1868.  35 
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SUNLIGHT  AND  MOONLIGHT. 

A  L^oture  delivered  at  the  Academy  of  Music,  before  the  Franklin  Institute,  on 
May  23d  and  June  6th,  1868. 

By  Prof.  Henry  -Morton,  Ph.D. 
(Continued  from  jiage  208.) 

In  order  to  illustrate  and  bring  vividly  before  your  minds  some 
of  the  strange  conditions  which  ^ye  have  found  to  exist  on  the 
moon's  surface,  I  have  caused  to  be  prepared  and  now  bring  by  a 
signal  upon  the  screen,  a  series  of  imaginary  views  of  lunar 
scenery,  which  are  intended  to  represent,  as  well  as  may  be,  what 
would  appear  to  one  could  he  place  himself  upon  our  satelite,  and 
in  that  desolate,  sun-scorched,  airless,  and  therefore  soundless  as 
well  as  lifeless  solitude,  look  about  him  and  observe  the  objects  by 
which  he  was  surrounded. 

The  first  of  these  pictures  which  I  bring  before  you,  is  a  view  of 
the  vast  expanse  known  as  the  Mare  Imbrium,  or  Sea  of  Showers, 
seen  from  the  spurs  of  the  Apennine  range,  which  skirts  its  south- 
eastern boundary,  and  looking  towards  the  north,  Avhere  the  lunar 
Alps  wall-in  the  plain,  and  terminate  the  view. 

From  the  foreground  in  this  picture,  Plate  IV.,  to  the  most 
distant  object,  is  a  space  of  500  miles,  so  that  even  at  the  outset  we 
must  make  an  effort  of  the  imagination  to  grasp  such  a  stretch  of 
view,  as  was  never  seen  by  human  eye.  In  the  foreground,  to  the 
extreme  right,  are  seen  two  volcanic  craters ;  the  nearer  of  these 
is  called  Autolycus  (42  PI.  II).,  and  the  further,  Avith  a  central  cone, 
Aristillus  (43).  A  little  to  the  left  of  these,  is  seen  the  grand  vol- 
canic ring  of  Archimedes  (41),  which  is  fifty  miles  in  diameter  and 
about  one  mile  in  height. 

From  the  midst  of  the  plain,  but  nearer  to  its  further  border,  rises 
an  abrupt  pinnacle  of  rock,  known  as  Pico,  7,000  feet  high  above 
the  surrounding  plain,  and  casting  a  shadow,  which,  like  tliat  of 
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Mount  Athos,  noticed  by  Plutarch  as  reaching  to  Lemnos,  stretches 
for  miles  outward  from  its  base.* 

In  the  distance  is  seen  the  range  of  the  Alps,  which  by  its  angu- 
larity and  abruptness  of  ascent,  bears  evidence  to  the  absence  of  all 
those  softening  and  leveling  influences  of  air  and  water,  which  have 
rounded  the  sharp  outlines  and  crumbled  down  the  abrupt  surfaces 
of  our  terrestrial  ranges.  To  the  left,  and  setting  somewhat  back 
among  the  Alpine  peaks,  we  see  the  rugged  flanks  of  Mount  Plato, 
a  volcanic  ring  without  any  interior  cone.  Near  the  extreme  left 
of  the  picture, t  we  see  one  of  the  smaller  volcanoes,  Tiniocharis, 
whose  crater  is  but  about  eighteen  miles  in  diameter,  and  a  little 
to  the  right  of  this  and  more  in  the  foreground,  is  one  of  those 
sunken  craters  or  volcanic  wells  which  are  encountered  in  almost 
all  parts  of  the  lunar  surface.  In  fact,  careful  measurement  shows 
us  that  many  of  the  large  craters  have  their  interior  plains  depressed 
considerably  below  the  surrounding  surface  of  the  planet.  Thus, 
Eratosthenes  (38),  which  terminates  the  Apenniue  chain  to  the 
west,  while  lifting  its  exterior  ring  3,000  feet  above  the  plain  of  the 
Mare  Imbrium,  has  its  interior  level  surface  3,000  below  the  same 
level,  or  0,000  feet  beneath  the  exterior  ridge,  the  rocks  falling  on 
the  interior,  in  a  vertical  precipice,  to  meet  the  inner  plain,  from 
the  centre  of  which  a  conical  peak  towers  up,  not  in  the  a//-,  but 
towards  the  sky. 

Another  feature  in  this  view,  worthy  of  remark,  is  the  black 
sky  studded  with  stars,  overhanging  a  scene  brilliantly  illuminated 
by  the  sun.  This  is,  however,  we  have  every  reason  to  believe, 
true  to  nature ;  for,  as  we  know,  the  light  reflected  from  our  sky 
is  due  to  the  presence  of  watery  particles  suspended  in  the  air,  and 
scattering  the  impinging  sun-rays  in  all  directions  ;  and  as  there  is 
no  atmosphere  and  no  water  in  the  moon,  no  such  action  can  there 
take  place,  but  the  sun's  rays  must  proceed  undeflected  in  straight 
lines  to  the  surface  of  the  planet,  and  thus  fail  to  produce  any  such 
diffused  illumination ;  so  that  the  sun  itself  would  appear  as  a  disk 

■*  Mount  Athos,  on  the  coast  of  Maccdoniu,  rises  abruptly  from  the  sea  to  a  height 
of  «5,349  feet,  and  according  to  the  statement  of  Pierre  Beleu  (quoted  in  the  Cosmos 
by  Humboldt),  that  "  its  shadow  reaches  to  the  broken  lifjuro  of  a  cow  in  the  mar- 
ket place  of  Mycene,"  must  thus  extend  its  wand  of  shade  over  the  Mediterranean 
for  thirty  miles. 

t  For  several  ideas  embodied  in  this  picture,  and  many  other  valuable  sugges- 
tions, we  are  indebted  to  a  little  work  entitled  "  The  Lunar  World,"  by  the  Rev.  J. 
Crampton,  Edinburgh. 
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of  intense  brightness,  set  in  a  sky  dark  as  that  of  our  blackest  mid- 
night, and  sprinkled  with  the  larger  stars,  the  eye  being  rendered 
incapable  of  perceiving  the  smaller  ones  by  the  glare  of  nearer 
objects. 

We  now  bring  upon  the  screen  another  illustration  of  lunar 
scenery,  which  we  might,  by  analogy,  call  a  moonlight  view ;  this 
being  a  case  wherein  the  revealing  light  comes,  not  directly  from 
the  sun,  but  only  as  reflected  from  the  illuminated  face  of  a  planet. 
In  this  case,  the  earth  acts  as  a  moon  to  her  own  moon.  That 
light  is  in  fact  so  reflected  by  the  earth,  and  does  so  illuminate  the 
moon,  we  know  by  actual  observation ;  for  the  light  by  which  at 
new  moon  we  often  see  the  entire  disk  of  our  satellite  faintly  shown, 
is  simply  that  received  from  the  earth  at  that  time,  presenting  an 
almost  "  full  face  "  to  the  moon.  The  phenomenon  to  which  I  refer 
is  that  called  by  us  in  common  and  ideal  language,  "  the  old  moon 
in  the  new  moon's  lap,"  or  by  the  French,  "  la  lune  cendre  "  (the 
ash-colored  moon). 

That  this  doubly  reflected  light  should  be  very  faint  when  at  last 
it  reaches  our  eyes,  will  appear  natural,  when  we  remember  that 
the  full  moonlight  is  but  ttju'otjo*^  of  *^^*  received  from  the  sun, 
and  that,  therefore,  received  by  the  second  reflection,  must  be  again 
decreased  in  a  somewhat  similar  proportion. 

The  picture  now  before  us  (see  Plate  I.,  facing  page  59),  repre- 
sents the  volcano  Copernicus,  which  formed  a  conspicuous  object 
in  most  of  our  lunar  photographs  (see  PI.  II).,  and  which  rises  from 
the  northern  region  of  the  Mare  Nubium,  on  the  southern  flank  of 
the  Karpathean  mountains,  which  form  a  prolongation  of  the  Apen- 
nines towards  the  west,  and  separate  the  Seas  of  Showers  and  of 
Clouds  (Mare  Imbrium  and  Mare  Nubium). 

The  scene  here  represented,  is  that  which  we  may  suppose  would 
appear  to  a  spectator  looking  southward  from  the  summits  of  the 
Karpathean  mountains,  over  the  rugged  ground  of  the  Mare  Nubium, 
and  Avith  the  craters  of  Eratosthenes  and  Stadius  to  the  left.  To 
illuminate  this  desolate  region,  we  have  the  subdued  light  of  a 
"  full  earth,"  which,  though  in  area  sixteen  times  larger  than  our 
moon,  would,  it  is  probable,  by  no  means  reflect  an  equally  in- 
creased proportion  of  light,  since  the  vast  surfaces  of  water  and  of 
vegetation  would  be  far  inferior  in  reflecting  power,  to  the  volcanic 
lava  and  glittering  rock  which  compose  exclusively  the  lunar 
surface. 
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On  the  ••earth-moon"  is  seen  in  the  picture  an  indication  of  the 
American  continents  and  Pacific  ocean,  as  also  certain  parallel 
cloud-bands,  such  as  we  also  see  on  the  planet  Jupiter,  and  which 
would  doubtless  be  produced  by  the  action  of  our  trade  winds. 

This  picture  is  photographed  from  a  painting  made  by  Mr.  James 
Hamilton,  expressly  for  the  purpose,  together  with  other  views 
which  Ave  shall  see  and  discuss  presently,  and  conveys  in  an  admi- 
rable manner  the  idea  of  vastness  and  desolation,  which  must  be 
the  characteristic  of  such  a  scene. 

(To  be  continued.) 
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Prof,  of  Deecriptive  Geonn'try,  Ac,  in  the  lUnaselaer  Pol.  Inet,  Troy,  \.  Y. 
(Concluded  from  page  212.) 

Among  the  more  specific  "ideas  of  reason,"  "  first  truths,"  "intui- 
tions," are  those  of  time,  space,  personal  identity,  objective  reality 
of  sensible  objects,  and  causes  as  required  by  existing  effects. 

Here  it  is  to  be  remembered,  what  is  not  often  expressly  stated, 
that  man's  finiteness  finds  limitations  to  its  hefjinnin<js  as  well  as  to  its 
advance.  That  is,  there  are  fundamental  ideas  as  starting  points  ot 
all  thought,  hack  of  which  we  cannot  go  any  more  than  we  can  go 
forward  beyond  a  certain  point. 

But  to  return,  under,  and  in  certain  important  respects,  subject 
to  the  supreme  powers,  reason  and  will,  are  ranged  the  icorkiwj 
faculties  of  the  understanding^  and  the  enlivening^  prompting  and 
motive poicers,  called  the  sensibilities. 

These  working  faculties  may  be  known  as  the 
Powers  Representative. 

,,-.-.,  1  From  nercfn<«on  =  the  impressions  made 

Conception  =  the  forming  of  an  ^dea  =         ^^  (^^  J.^^  ^^^         ^^  ^^^  ^^^^^^ 

the  mental  representative  of  a/«c<,  of  j- j,^^^   conscioHa7iess  =  iho    impression 
thereat  J      made  on  the  mind  by  its  own  working. 

hnagination  ^=  the  representation  of  the  ideal. 

Memory. — The  Reflective  Power. 

Abstr(iction  =  ihQ  elimination  of  the  attributes  of  things,  for  separate  contempla- 
linn,  and  as  a  basis  for  comparison,  classitication,  and  gencralizatiom 
Judgmeiit^^ihe  affirmation  or  denial  of  agreement  between  two  particulars. 
Reasoning  :^  ihQ  derivation  of  one  judgment  from  another. 
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The  sensibilities  are  generally  known  as — 

«g  f  Property. 

.      r  Cheerfulness  or  melancholy.  g  I,  Knowledge. 

■^      Jov  or  grief.  .t  \  Position. 

2      Love  or  hatred.  |       ^^wer 

.2    I  Honor  or  shame.  ^  L  Approbation. 

2  •{  Etc.  ^ 

J    I  Anger.  .2  [Home. 

'2    I  Terror.  «  I  Country. 

2    I  Surprise.  .2  -J  Mankind. 

I  Etc.  «  I  Friends. 

sg  [Etc. 

Coming  now  to  applications,  after  delays  wbicli  we  hope  have 
not  unreasonably  taxed  the  reader :  The  nature  and  relations  of 
good,  and  the  structure  of  the  human  mind,  as  just  outlined,  on  the 
one  hand,  and  the  demands  of  civilized  life  upon  all  who  share  it, 
on  the  other,  are  the  facts  to  be  regarded  in  organizing  and  admin- 
istering an  institution  of  learning,  either  general  or  technical. 

In  the  personal  and  material  composition  of  an  institution,  and 
of  its  course  of  study,  the  full  idea  of  r/ood  is  to  be  realized  to  the 
utmost  within  the  limits  afforded  by  the  scope  of  the  institution ; 
so  that  for  example,  as  a  cardinal  principle,  the  u-hole  being  and  not 
merely  the  technical  knowledge  of  the  teacher  should  be  favorably 
brought  to  bear  upon  the  entire  life  of  the  student,  as  well  as  pri- 
marily and  mainly  upon  his  attainment  of  the  knowledge-qualifica- 
tions for  his  chosen  pursuit. 

An' institution  thus  becomes  a  unit,  though  a  compound  one,  and 
almost  a  truly  personal  one,  through  the  vigor  of  the  co-operating 
life  which  fills  it.  It  thus  has  a  life  and  individuality  of  its  own, 
and  this  life  should  be  full  of  beauty  as  the  charming  surety  that, 
in  its  essence,  it  is  good. 

The  institution  should  be  devoted  to  truth,  in  its  promises  and 
performances,  in  every  direction,  by  every  one ;  without  even  mo- 
mentary pleasure  in  either  offering  or  accepting  appearance  for 
reality,  or  the  work  of  any  other  for  that  to  be  done  by  each  one's 
proper  self. 

And  in  its  means  and  methods,  economy,  time  and  labor  should 
be  sought  so  as  to  accomplish  results  at  once  most  real,  most  valua- 
ble, and  most  enduring,  with  the  least  obstruction  from  imperfect 
arrangements,  inadequate  means,  or  unskillful  methods.  Thus  will 
the  idea  of  right  be  secured ;  not  merely  to  attain  a  proposed  end 
most  truly,  but  most  easily,  readily  and  efficiently. 

The  possession  of  all  these  invaluable  characteristics,  even  par- 
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tially  obtainable  only  by  costly  effort,  is  the  incommunicable  secret 
of  every  institution,  as  well  as  person,  that  has  them. 

Taking  up  next  the  bearings  of  the  mental  structure  upon  the 
conduct  of  an  institution,  the  joint  culture  of  the  will  and  the  reason, 
as  they  have  been  defined,  should  be  secured  by  provisions  at  once 
liberal  and  justly  regulated,  for  their  exercise.  Perhaps  this  can 
in  no  way  be  better  accomplished,  having  regard  also  to  the  cardi- 
nal doctrine  of  the  perfect  unity,  though  a  complex  one  of  the 
institution,  than  by  delegating  the  regulation  of  various  details  of 
administration  and  usage  to  class  organization,  with  the  reservation 
of  an  advisory  and,  ultimately,  of  course,  of  a  veto  power.  Such 
a  coarse  appears  as  the  happy  mean  between  the  irksome  restraint 
of  an  authoritative  code,  so  minute  as  to  leave  nothing  to  be  done 
freely,  and  a  looseness  which  relies  on  nothing  more  than  previous 
social  good  breeding,  the  pervasive  influence  of  general  surround- 
ing civilization,  and  prevalent  youthful  instincts  of  deference  to  its 
legitimate  guardians  and  teachers,  as  guarantees  of  good  behavior. 

Experience,  moreover,  of  the  extent  to  which  even  these  guaran- 
tees can  be  relied  on,  gives  happy  promise  of  the  best  results  from 
the  strong  added  appeal  to  regard  for  honor,  and  reputation  for 
good  judgment,  contained  in  the  course  here  proposed.  Expe- 
rience further  shows,  too,  how  carefully  older  judgments  are  con- 
sulted by  youth  whenplaced  in  thesimplest  positionsof  responsibility 
in  matters  in  which  they  feel  a  ]iure  enthusiasm.  So  that  in  this 
methtxl  of  admitting  them  to  an  appropriate  share  of  the  work  of 
conducting  atlUirs,  we  find  realized  the  natural  idea  of  younger  judg- 
ments exercising  themselves  in  hapjn'  and  invigorating  freedom, 
within  certain  limits  of  fundamental  principle,  established  by  those 
of  greater  and  more  studious  experience. 

A  capital  omission,  however,  would  exi.>^t  if  no  reference  were 
here  made  to  one  point,  requiring  special  attention  in  the  authorita- 
tive oversight  of  the  main  features  of  principle  and  practice  incor- 
porated in  student  organizations,  so  far  as  these  directly  alVect  the 
rights  and  powers  of  an  institution,  and  of  its  members  in  their 
individual  capacity.  Youth  is  usually  ardent  in  its  enthusiasms  to 
a  degree  which  often  becomes  passiiuiatc,  and  that,  too,  sometimes, 
irrespective  of  the  real  importance  of  the  question  at  issue.  As 
soon  as  passion  sets  in,  opposition,  however,  conscientious  in  princi- 
ple, courteous  in  manner,  and  justly  defensive  of  innocent  personal 
rights,  is  too  apt  to  be  visited  with  abuse  which  is  both  tyrannical 
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in  spirit,  and  odious  in  expression.  Of  course,  the  noblest  resist- 
ance to  such  abuse  is  a  moral  strength  against  which  the  strength  of 
passion — which  is  the  iveakness  of  the  person — dashes  itself  in  vain. 
But  virtue,  modest  in  its  immaturity,  in  a  minority,  and  unsup- 
ported where  it  has  most  right  to  look  for  effectual  support,  must 
not  be  unjustly  taxed  with  excessive  demands  upon  it.  Those  having 
both  the  power  and  the  right  to  sustain  it  should  do  so,  and  as  pre- 
vention is  better  than  cure,  this  should,  and,  as  experience  shows, 
can  be  accomplished  in  the  manner  proposed,  viz:  by  securing 
the  adoption  by  class  organizations,  wherever  these  are  allowed  to 
exist,  of  certain  provisions  as  guarantees  of  due  recognition  of  the 
ultimate  authority  of  the  institution,  and  of  the  personal  rights  of 
its  members. 

Or,  to  repeat,  in  the  negative  form,  owing  to  the  importance  of 
the  subject,  everything  should  be  excluded  from  the  rules  and  prac- 
tices of  student  organizations  which  could  naturally  tend  to  occa- 
sion or  to  intensify  differences  between  officers  and  members  of  the 
institution  or  embarrass  the  settlement. 

The  same  end  here  discussed,  of  training  the  will  in  connection 
with  the  reason,  may  further  be  promoted  by  fostering  all  those 
less  hazardous  organizations  whose  object  is  the  culture  of  some 
improving  art  or  manly  sport,  rather  than  the  assertion  and  exer- 
cise of  personal  influence,  in  matters  of  general  administration. 
Moreover,  if  instructors  sincerely  aid  and  sympathize  with  such 
organizations, — musical,  boating,  literary,  or  scientific, — the  idea  of 
unity  is  as  well  expressed  as  in  the  former  case.  But  the  agencies 
through  Avhich  it  is  expressed  being  so  different  in  the  two  cases, 
the  employment  of  both  is  necessary  to  the  most  intimate  union  of 
all  interests,  and  is  therefore  Avorthy  of  the  superior  thought,  patience, 
care,  and — to  tell  the  whole — love  necessary  in  attaining  this  ideal 
union. 

Finally,  in  attaining  this  end,  the  whole  range  and  compass  of 
the  sensibilities  must  be  known  and  skillfully  handled,  as  are  those 
of  a  great  organ.  But  this  opens  up  to  thought  a  vision  of  har- 
monies or  discords  of  being  and  living  as  numberless  as  the  combi- 
nations of  audible  harmony.  Wherefore  we  stop  at  once,  and  trust 
to  present  the  promised  curriculum  in  another  article. 

Williamstown,  July,  18G8. 
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LECTURES  ON  VENTILATION. 


By  Lewis  "W.  Leeds. 

Second  Course,  delivered  before  the  Franklin  Institute,  during  the 
winter  of  1867-68. 

(Continued  from  page  210.) 

On  the  contrary,  when  persons  think  they  are  able  to  earn  their 
own  living  and  a  little  more,  the  more  pure  air  they  breathe,  pro- 
vided they  have  an  abundance  of  good  wholesome  food  and  plenty 
of  exercise,  the  greater  amount  of  physical  or  mental  labor  they  can 
perform. 

The  pecuniary  nature  of  health  is  but  imperfectly  understood. 
It  was  found  in  England  that  when  a  certain  portion  of  tlie  tenement 
houses,  belonging  to  some  of  the  large  factories  were  well  ventilated 
that  the  tenants  required  more  food,  it  co.st  tliem  more  per  week  to 
live  and  supply  themselves  and  families  with  the  necessaries  of  life. 

They  consec^uently  could  not  work  so  cheap  from  week  to  week 
as  those  living  in  w?z-ventilated  houses.  This  appeared  on  its  face 
to  be  a  strong  argument  against  the  pecuniary  value  of  ventilation. 
But  let  us  take  a  more  careful  view  of  this.  Every  animal  or  ma- 
chine has  its  market  value — a  horse  is  worth  so  much  in  the  mar- 
ket, so  is  an  ox  and  a  sheep,  and  to  our  great  shame  we  have  until 
very  lately  had  a  regular  market  price  for  a  man  and  a  woman. 
Now,  owing  to  even  the  little  intelligence  which  it  was  formerly 
admitted  that  a  slave  had  over  a  horse,  we  would  give  four  or  five 
times  as  much  for  a  man  as  for  a  horse. 

A  good  man  before  the  war  was  worth  from  twelve  to  fifteen 
hundred  dollars,  and  some  two  thousand. 

The  superior  intelligence  and  energy  of  any  one  here,  and  the 
greatly  enhanced  prices  since  the  war,  in  connection  with  the  fact 
that  one  man  with  brains  can  manage  machinery  that  is  sufficient 
to  do  the  labor  of  twenty  horses,  adds  greatly  to  the  value  of  an 
intelligent  man, — or,  in  other  words,  any  manufacturer  or  capitalist 
would  be  very  willing  to  give  $5000  for  the  services  for  life  of  any 
intelligent,  al)le-bodied  man  between  the  ages  of  twenty  and  thirty 
years,  taking  all  the  risks  of  his  living,  and  clothing  and  feeding  him 
for  life. 

Now,  that  $5000  is  the  entire  capital  of  many  young  men,  sup- 
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pose  a  large  manufacturer  wants  hands  at  piece-work,  and  this 
young  man,  say,  is  just  married,  and  anxious  to  get  along,  takes 
the  work  just  as  low  as  he  possibly  can,  he  finds  by  saving  a  little 
in  his  food,  and  by  keeping  his  house  shut  up  tight,  with  an  air- 
tight coal  stove  he  can  save  coal,  and  thus  at  the  end  of  the  week  can 
just  make  both  ends  meet,  or,  in  other  words,  can  pay  expenses. 

Now  he  does  not  calculate  how  much  of  his  original  $5000  he 
put  into  that  work  for  the  capitalist — ^but  by  the  reduction  of  his 
physical  strength  he  has  used  a  shilling's  worth  a  day  of  that  capi- 
tal ;  six  shillings  a  week,  twenty-four  shillings  a  month,  and  so  on. 
Thus  drop  by  drop  does  that  wealthy  capitalist  absorb  the  very 
life  blood.  Ounce  by  ounce  are  the  sinews  of  this  poor  man  bar- 
tered away  and  apjDropriated  by  the  capitalist. 

He  is  daily  growing  weaker  as  his  family  cares  increase,  and  in 
a  few  years-,  with  a  wife  and  family  of  small  children  entirely  de- 
pendent on  his  daily  labor  for  their  food,  clothing  and  schooling,  he 
finds  himself  broken  down  in  health  with  a  ruined  constitution,  and 
he  is  then  cast  aside  for  another,  younger  and  more  vigorous  man, 
who  Avill  engage  to  work  cheaper,  and  can  aflbrd  to  do  so  by  using 
a  shilling's  worth  daily  of  his  $5000  capital  the  same  as  his  pre- 
decessor. 

This  arises  from  the  ignorance  of  these  laboring  people  of  the 
true  value  of  health  and  of  the  proper  means  of  preserving  it.  What 
is  the  result. 

A  nation  of  unhealthy  people  must  inevitably  become  a  nation 
of  paupers,  but  a  healthy  nation  will  surely  become  a  wealthy 
nation. 

For  a  proof  of  this  assertion  we  have  only  to  look  to  the  manu- 
facturing districts  of  England,  as  they  are  amongst  the  most  un- 
healthy. Could  they  support  themselves  if  their  trade  with  foreign 
and  newer  countries  was  cut  ofi'?  Undoubtedly  not.  And  look 
at  New  England,  what  does  the  census  of  her  manufacturing  states 
give  ?     A  very  small  increase  of  population  indeed. 

And  the  manufacturing  wards  of  this  city,  too,  will  show  a  greater 
amount  of  ill  health  and  pauperism,  which  always  go  together,  than 
the  non-manufacturing  districts. 

Now,  how  can  this  be  remedied — by  any  simple  act  of  legisla- 
lation  ?  I  answer  no !  Not  even  the  fiat  of  that  Supreme  Congress 
now  gathered  under  our  beautiful  flag,  representing  as  it  does  the 
most  powerful  nation  on  the  face  of  the  earth,  could  reconstruct 
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society  in  this  respect.  No,  you  must  teach  the  peojilc,  the  labor- 
ing man,  the  bone  and  sinew  of  the  nation,  the  vahic  of  health  and 
how  preserve  it.  The  parents  then  will  be  but  in  the  prime  of  life 
when  their  children  shall  have  grown  to  manhood,  and  they  in  their 
turn  will  be  competent  to  care  for  their  parents  in  old  age. 

I  want  each  of  you  to  become  a  lecturer  on  ventilation ;  I  do  not 
mean  merely  to  give  three  or  four  lectures  in  a  whole  year — but  to 
lecture  every  day  of  your  lives,  because  there  is  not  one  of  you 
here  but  what  has  some  friend  now  suffering  for  the  want  of  pure 
air. 

I  want  you,  too,  to  go  to  the  home  of  the  laborer,  the  man  that 
is  not  here  to-night — he  whose  laborious  toil  from  early  morn  to 
dewy  eve,  demands  rest  in  the  evening,  instead  of  allowing  him  the 
jirivilcge  of  attending  lectures. 

I  have  visited  many  such,  and  find  that  a  few  simple,  kindly 
words  of  explanation  are  always  gladly  received,  and  frequently 
have  their  good  effect  in  inducing  them  to  remove  a  fire-board  in 
a  sick-room,  or  by  putting  on  an  extra  blanket,  to  allow  the  win- 
dows to  be  opened  a  little  more  every  night,  and  thus  do  a  great 
kindness  to  these  poor,  worthy  people,  by  getting  two  cubic  feet  of 
pure  air  to  enter,  where  but  one  entered  before. 

Could  Philadelphians  but  be  fully  aroused  to  the  great  import- 
ance of  this  thing,  the  mortality  of  this  beautiful  city  might  be 
reduced  for  the  year  1868,  perhaps  even  more  than  it  was  for  the 
year  1867,  because  I  believe  there  is  no  city  on  the  face  of  the 
earth  so  favorably  situated  for  an  immediate  reformation  in  this 
respect  as  this  city,  as  all  the  houses  are  built  so  isolated,  with  a 
window  and  fire-place  in  nearly  every  room  :  while  in  New  York 
one-half  of  the  population  live  in  houses  of  entirely  different  con- 
struction, nearly  half  the  sleeping- rooms  being  merely  dark  closets 
into  which  the  purifying  rays  of  the  sun  and  the  pure  external  air 
can  never  enter. 

And  this  is  a  very  serious  defect,  which  nothing  but  tearing 
down  and  re-building  can  fully  remedy ;  although  a  good  artificial 
ventilation  might  greatly  improve  them.  Philadelphia  has  the 
advantage  in  this  respect,  very  decidedly. 

If  it  were  in  any  way  possible  to  get  all  the  physicians  stirred 
up,  to  make  some  active  exertions  towards  inducing  the  people  to 
be  more  careful  about  the  ventilation  of  their  houses,  it  might  have 
a  wonderful  effect. 
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This,  however,  is  hardly  to  be  hoped  for,  as  a  regular  old  school 
Philadelphia  physician  is  probably  about  as  respectable  and  proper 
and  conservative  a  man  as  the  sun  shines  on.  We  could  scarcely 
find  a  greater  curiosity  than  the  name  of  a  regular  old  school  Phi- 
ladelphia physician  at  the  head  of  a  recommendation  to  public 
favor  of  any  new  thing,  no  matter  of  how  much  public  utility  it 

might  be. 

(To  be  continued.) 


Aniline  and  its  Derivatives.    A  treatise  on  the  manufacture  of  Ani- 
line and  Anilijie  Colors.   By  M.  Reimann,  Ph.  D.,  L.  A.M.,  to  which 
is  added,  in  an  appendix,  the  Report  on  the  Coloring  Matters  Derived 
from  Coal  Tar,  shown  at  the  French  Exhibition  of  1867.     By 
Dr.  A.  W.  Hofmann,  F.  R.  S.,  M.  M.  G.  de  Laire,  and  Ch.  Girard. 
The  whole  revised  and  edited  by  William  Crookes,  F.  R.  S. 
Published  by  John  Wiley  &  Son,  Astor  Place,  New  York. 
In  giving  to  the  American  public  a  reprint  of  this  work,  its  pre- 
sent publishers  have  filled  a  vacancy  much  deplored  by  all  who  are 
in  any  way  interested  in  the  great  and  daily  increasing  industry  of 
Aniline  Colors,  and  by  all  who  take  an  interest  in  the  progress  of 
the  age,  as  shown  in  its  manufacturing  improvements  and  scientific 
discoveries. 

It  is  now  scarcely  ten  years  since  the  first  practical  step  was 
made  in  the  direction  of  this  manufacture,  and  yet  it  has  grown  to 
be  one  of  the  first  rank  among  existing  processes.  By  the  late  dis- 
covery, of  an  aniline  green,  the  gamut  of  aniline  colors  has  been 
filled  out ;  and  we  now  have  every  color  of  the  prismatic  scale  repre- 
sented in  this  admirable  material,  the  increased  demand  for  which 
is  keeping  pace  with  the  daily  increasing  facilities  and  economy  in 
its  manufacture.  The  present  work  describes  from  the  beginning 
and  with  such  full  explanation  as  renders  every  point  plain  to  any 
one  possessing  even  a  general  knowledge  of  chemistry,  each  pro- 
cess in  manufacture,  from  the  primary  benzine  to  the  latest  deriva- 
tive, and  by  means  of  numerous  illustrations  shows  the  form  and 
propositions  of  the  apparatus  employed. 
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The  report  on  the  colors  shown  at  the  exhibition  is  written  by 
Dr.  Hofmann  with  the  life  and  interest  which  characterize  his 
productions,  and  is  enlivened  by  many  incidents  in  connection  with 
the  history  of  the  subject,  which  add  much  to  its  vivacity. 

We  can  cordially  commend  this  work  to  all  manufacturers  and 
men  of  science  who  are  interested  in  its  subject. 


-.1  Treatise  on  Optics ;  or^  Light  and  Sight,  theoretically  and  practi- 
cally treated  with  the  application  to  Fine  Art  and  industrial  pur- 
suits. By  E.  Nugent,  C.  E.,  (103  illustrations.)  Published  by 
D.  Van  Nostrand,  New  York  :  For  sale  by  J.  B.  Lippincott  & 
Co.,  Philadelphia. 

For  a  long  time  nothing  has  been  more  needed  than  a  good  work 
on  practical  optics.  Neither  in  our  language  nor  in  any  other,  we 
believe,  does  such  a  thing  exist,  as  a  book  which  %yill  convey  to  a 
reader  any  notion  of  the  various  principles  and  facts,  which  are 
every  day  applied  either  ignorantly  or  with  intelligence  by  all  those 
who  are  engaged  in  the  construction  or  use  of  optical  apparatus. 
We  have  a  sufficiency  of  optical  works,  it  is  true,  but  these,  as  a 
rule,  concern  themselves  with  the  recondite  and  unpractical  parts 
of  the  subject,  and  while  they  treat  with  admirable  minuteness  and 
thoroughness  of  research,  such  subjects  as  those  of  interference  and 
circular  polarization,  pass  over  almost  in  silence  the  practical  pro- 
blems relating  to  the  correction  of  tlie  various  aberrations  of  lenses, 
to  the  remedy  of  distortion,  and  to  obtaining  the  best  results  under 
different  conditions. 

We  should,  therefore,  hail  with  pleasure  the  appearance  of  a  work, 
such  as  that  which  is  now  before  us,  which  though,  as  its  size  ne- 
cessitates, but  an  essay  towards  the  full  treatment  of  the  vast  sub- 
ject it  attacks,  yet  opened  the  road  in  the  right  direction,  and  in  some 
respects,  did  its  work  well.  The  first  part  of  the  book  is  taken 
up  with  the  exposition  of  the  general  facts,  laws  and  theories  of 
light.  The  subjects  of  refraction  and  reflection  are  well  discussed, 
and  the  actions  of  lenses  described,  with  many  convenient  rules  for 
the  calculation  of  focal  lengths  of  single  lenses  ;  this  being,  in  fact, 
an  abstract  of  the  corresponding  part  of  Brewster's  Optics.  But  we 
find  no  notice  on  the  subject  of  ec[uivalent  foci,  and  the  methods 
requisite  for  measuring  the  lengths  of  compound  lenses. 

On  the  subject  of  dispersion  our  author  seems  to  live  about  ten 
years  behind  the  present  age,  and  gives  us  the  knowledge  and  theo- 
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ries  of  that  dark  period,  with  an  entire  ignoring  of  the  whole  sub- 
ject of  spectrum  analysis,  and  all  the  late  discoveries  in  that  direc- 
tion by  Bunsen,  Kirchofif,  Tyndall,  Miller,  Stokes  and  others,  which 
is  certainly  very  extraordinary. 

He  also  propounds  a  theory  of  colors  which  much  resembles  that 
of  Goethe,  and  which,  though  perhaps  tenable  in  his  time,  cannot 
now  have  a  leg  left  to  stand  upon,  thanks  to  the  spectrum  discoveries 
above  noticed. 

We  observe  that  Mr.  Hunt  is  frequently  quoted,  and  presume 
that  the  author  of  Elementary  Physics,  Eesearches  on  Light  and 
the  Poetry  of  ScienceSs  the  authority ;  but  without  entering  into 
an  elaborate  criticism,  it  will  appear,  that  an  author  who  in  illus- 
trating the  law  of  gravitation  says  :*  "If  the  sun  and  earth  were  equi- 
distant from  Jupiter,  the  influence  of  that  planet  would  be  the  same 
on  each  and  would  draw  them  through  the  same  sj)ace  'in  the  same 
time,^'  cannot  be  a  very  safe  guide;  not  to  mention  that  the  "Ee- 
searches on  Light "  were  made  nearly  twenty  years  ago,  since  when 
the  science  of  Optics  has  effected  the  most  prodigious  advances  in 
facts  and  theories. 

The  latter  portion  of  this  book,  Avhich  is  taken  up  with  the  de- 
scription of  various  forms  of  lenses  and  optical  instruments,  contains 
some  things  of  value,  though  enriched  with  copious  omissions  of 
almost  all  American  inventions  in  this  direction,  and  with  a  little 
too  many  of  Mr.  Dallmeyer's  optical  combinations,  for  photographic 
work. 


The  Bankers^  Magazine  for  October.     Edited  by  J.  Smith  Thomas, 

41  Pine  Street,  New  York. 

This  number  contains  an  elaborate  article  on  the  past  and  present 
production  of  gold  and  silver,  throughout  the  world. 

I.  The  production  since  the  discovery  of  America.  II.  The  pro- 
duction in  the  Nineteenth  century  to  the  year  18d8.  III.  The  pro- 
duction since  the  discovery  of  gold  in  California.  IV.  The  present 
annual  production  in  all  countries.  V.  Annual  report  of  the  General 
Land  Ofi&ce,  U.  S.,  on  Gold  and  Silver.  VI.  Special  report  of  Mr. 
J.  Eoss  Browne,  on  the  Pacific  Gold  Eegion.  VII.  Special  report 
of  Mr.  James  W.  Taylor. — The  relative  supply  of  both  metals,  past 
and  present. — The  annual  and  aggregate  supply  throughout  the 
world,  with  the  views  of  Messrs.  Jacob,  Newmarcli  and  Chevalier 
and  others. 

Also  a  list  of  360  Savings  Banks  in  New  England  and  New  York, 
number  of  depositors  and  amount  of  deposits  in  each. 

*  Elementary  Physics,  by  Robert  Hunt,  p.  47. 
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\  CoMPAViiiio^!  of  some  of  the  Meteorological  P/ieiio7tie)ia  of  AvovnT,  18G8,  with  those 
of  August,  1867,  and  of  the  same  month  for  eiouteen  years,  at  Philadelphia,  Fa. 
Barometer  (30  feet  above  mean  tide  in  the  Delaware  River.  Latitude  39°  57i' 
N.;  Longitude  75°  l\y  W.  from  Greenwich.  By  Pkof.  J.  A.  Kirkpatrick, 
of  the  Central  High  School. 


ft 

August, 

August, 

August, 

1868. 

1867. 

for  18  years. 

Thermometer — Highest — degree. , 

1 
89-00° 

86  00° 
14th. 

97-000 
2, '50;  4,  '59. 

'•           date 

30th. 

Warmest  day — mean  . . ' 

83-00 

80-67 

88-50 

"            "      date ' 

3d  &  30th.  > 

19th. 

10th, '63. 

Lowest — degree ; 

61  -00 

59-00 
1st. 

47-00 
26th,  '56. 

"         date 

17th. 

Coldest  day — mean 

71-67 

67-50 

59-00 

date 

17th. 

31st. 

26th.  '56. 

Mean  daily  o.scillation... 

10-65 

12-44 

14-99 

•  '         "    ranire 

2-87 

3-68 

3-65 
71-04 

•  ""j,v- 

Means  at  7  a.  m , 

74-26 

71-02 

2  1'.  M 

80-90 

78-18 

81  00 

9p.  M 

77-37 

74-56 

74-12 

"      for  the  month.... 

77-51 

74-59 

75-39 

Barometer — Highest — inches 

30-279 

30-210 

30-279 

««        date 

28th. 

31st. 

''8th    '68 

Greatest  mean  daily  pressure 

30-209 

30-128 

30-229 

»        "        "        date... 

28th. 

26th. 

20&31,'55. 

Lowest — inches 

29-627 
2d. 

29-578 
16th. 

29-356 
20th,  '56. 

"        date 

Least  mean  daily  pressure... 

29-653 

29-599 

29-388 

"        "        "       date... 

2d. 

16th. 

20th,  '56. 

Mean  daily  range 

0-102 
30-006 
29-976 
29-986 
29-989 

0-843 

0108 
29-967 
29-939 
29-944 
29-950 

0-815 

0096 
29-872 
29-843 
29-863 
29-860 

1  -024 

Means  at  7  a.  m 

"         2  p.  M 

«'         9  p.  M 

"   for  the  month 

Foree  nf  Vapor — Greatest — inches 

«'         date 

3d. 
-386 
17th. 
•620 
-625 
-644 

14th. 
•317 

30th. 
•602 
•609 
•645 

1st,  '54. 
-268 

Often. 
-586 
-594 
-614 

Least — inches 

"     date 

Means  at  7  a.  m 

"         2  p.  M 

"         9  p.  M 

"    for  the  month... 

-630 

•619 

•598 

Relative  Humidity — Greatest — percent 
"         date 

83-0 

92  0 

100  0 

5th. 

15th  &22d. 

26th,  '54. 

Least — per  cent. ... 

390 

36-0 

270 

"    date 

14th. 

11th  &  26th. 

1st.  '60. 

Means  at  7  a.  m.... 

72-3 

78-7 

761 

2  p.  M.... 

58-8 

63-4 

56-5 

"        9  p.m.... 

'       67-9 

75-2 

72-8 

"  for  the  month 

1       66-3 

72-4 

68-5 

Cloud;! — Number  of  clear  days* 

4- 
27- 

9- 

1       22- 

9-2 
21-9 

"              cloudy  days 

Moans  of  sky  covered  at7  a.  M 

66-1  per  ct 

63-2  per  ct 

56-8percl 

"             "            "         2p.  M 

68-7 

!       63-5 

61-7 

^      "             "             "        9p.  M 

'       461 

44-5 

420 

"            "        for  the  month 

]       60-3 

57-1 

53-5 

Rain — Amount — inches  

1         2-55 
'       10- 

16  840 
15- 

4411 
101 

No.  of  days  on  which  rain  fell 

Prevailing  Wind.^— Times  in  1000 

's46°44'w.271 

8  52<'20'«.094 

s71°31'w.l25 

*  9ky  one-third  or  lem  roTFi-<>d  at  the  hours  ofobsemitloD. 
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A  Comparison  o/ some  of  the  Meteorological  Phenomena  of  M«  Summer  of  1868, 
with  those  of  18G7,  and  of  the  same  Season  for  Skventekx  years,  at  Philadel- 
phia, Pa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude 
39°  57^''  N.;  Longitude  75°  l\y  W.  from  Greenwich.  By  Prof.  J.  A.  Kirkpat- 
RICK,  of  the  Central  High  School. 


Summer. 

Summer. 

Summer. 

1868. 

1867. 

Ifor  17  years. 

Thermometer— Highest — degree 

9800O 

91-00° 

101-00° 

"           date 

July  14. 

July  4. 

July  17,  '66. 

Warmest  day — mean... . 

90-50 

85-67 

1         92-33 

««            ••       date 

July  14. 

July  4. 

July  17,  '66. 

Lowest — degree 

51-00 

48-00 

42-00 

"         '&ate 

June  3. 

June  9  &  11. 

June  5,  '59. 

Coldest  day — mean 

56-50 

53-50 

53-50 

"         "       date 

June  11 

June  9. 

June  9,  '67. 

Mean  daily  oscillation... 

13-31 

14-73 

15-58 

"        "    ranee 

3-37 

4-02 

4-09 

*  ""O^  ......... 

Means  at  7  a.  m 

72-88 

70-21 

71-25 

«'         2  p.  M 

81-78 

78-87     " 

81-20 

9p.  M 

76-34 

73-08 

73-97 

"     for  the  Summer... 

77-00 

74-05 

75-47 

Barometer — Highest — inches 

30-292 
June  4. 

30-309 
June  11. 

30- 309 
June  11, '67. 

"         date 

Greatest  mean  daily  pressure 

30-274 

30-270 

30-274 

"            "         "        date... 

June  4. 

June  11. 

June  4,  '68. 

Lowest — inches 

29-623 

July  25. 

29-643 

29-474 
June  3. 

29-182 
June  11,  '57. 

"          date 

Least  mean  daily  pressure... 

29-586 

29-262 

"        "        "        date 

June  20. 

June  3. 

June  11,  '57. 

Mean  daily  range 

0-095 

0-103 

0-096 

Means  at  7  a.  m 

29-989 

29-971 

29-855 

"           2p.  M 

29-958 

29-946 

29-820 

"           9  p.  M 

29-969 

29-972 

0-911 

29-951 

29-956 

0-925 

29-836 

29-837 

1-059 

"     for  the  Summer 

Force  of  Vapor — Greatest — inches 

««            date 

July  12. 

•255 
June  4. 

•609 

July  6. 

-183 
June  10. 

•559 

June  30,  '55 

Least — inches 

•142 
June  14,  '61. 
•672 

"      date 

Means  at  7  a.  m 

•«          2p.  M 

•632 
•649 

-558 
•698 

-580 
-604 

"          9p.  M 

'*    for  the  Summer 

•630 

•572 

•585 

Relative  Humiditj- — Greatest — per  cent. 

94^0 

950 

1000 

"           date 

June  12. 

June  25. 

A26'54,J6'66 

Least — per  cent 

850 

28^0 

22-0 

"        date : 

June  30. 

June  10. 

June  16,  '63. 

Means  at  7  a.  m 

74-0 

74-5 

73-3 

"            2p.  M 

57-9 

66-7 

54-5 

"            9p.  M 

70-6 

72-4 

71-2 

"  for  the  Summer 

675 

67-9 

66-3 

Clouds — Number  of  clear  days* 

16- 

31. 

25-7 

"              cloudy  days 

76- 

01- 

66-3 

Means  of  sky  covered  at  7  a.  m. 

66-9  p.  c. 

60-0  p.  c. 

59  0  p.  c. 

'*             '«         "               2  p.  M. 

66-6 

61-5 

61-1 

•♦             "         "                9  p.  M. 

54-0 

46-8 

430 

"            "         "for  the  Summer 

02-5 

56-3 

54-6 

Rain — Amount — inches 

8-87 
30- 

30-820 

38- 

12-628 
32^7         i 

No.  of  days  on  which  rain  fell 

Prevailing  Winds— Times  in  1000 

8  43°2'w.l22 

s86°49'w.071 

s70°26'w.lC4, 

! 

Sky  one-third  or  less  covered  at  the  hours  of  observation. 
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ITEMS  AND  NOVELTIES. 

New  Railway  across  Egypt.— We  observe  that  the  opening 
of  the  new  route  by  rail  from  Alexandria  to  Suez,  by  the  way  of 
Zagazig,  is  announced  as  having  taken  place  last  month.  The  former 
roVte  was  by  rail  from  Cairo  to  Suez,  the  distance  from  Alexandria 
to  Cairo  being  traversed  by  canal  and  the  Nile,  or  by  rail;  but  this 
making  a  considerable  detour,  and  lengthening  the  journey.  The 
relation  of  these  routes  can  be  well  understood  by  reference  to  the 
map  of  the  Suez  Canal  and  adjacent  country,  published  in  this 
Journal^  Vol.  LV.,  p.  236,  where  the  railway  route  of  former  use 
follows  pretty  closely  the  post-route  between  Cairo  and  Suez, 
through  a  very  rough  and  diflicult  country,  while  the  portion  of  the 
new  line  which  corresponds  with  this,  from  Zagazig  to  Suez  it  will 
be  seen,  avoids  these  natural  difficulties,  by  skirting  the  elevated 
ranges  in  place  of  crossing  them,  and  yet  makes  a  much  more 
direct  line  between  the  terminal  stations.  The  entire  length  of  the 
new  route  is  eighty-five  miles. 

Vol.  LVl.— TiiiRi>  Skkies. — No  6.— November,  1868.  87 


290 


Editorial. 


Screw  Cutting  Machine.  By  Brown  &  Sharpe,  Providence, 
E.  I.  We  give  below  a  drawing  and  description  of  a  machine, 
which  has  now  been  in  use  in  many  of  our  best  workshops  for  a 
sufficient  time  to  establish  its  merit  as  a  most  efficient  and  valuable 
tool.  Its  quality  as  regards  saving  of  labor  and  consequent  economy, 
in  comparison  even  with,  machines  otherwise  employed  for  similar 
work,  appears  from  this,  that  one  man  with  such  an  apparatus  can 


produce  as  many  screws  as  from  three  to  five  can  make,  on  as  many 
engine  lathes. 

The  bed,  A,  which  is  of  cast  iron,  is  very  heavy,  and  has  at  one 
end  two  uprights  cast  solid  with  it,  containing  bronze  boxes  to  sup- 
port the  spindle.  The  front  box,  B,  is  made  in  four  parts,  that 
it  may  be  closed  up  to  compensate  for  wear,  the  two  middle  pieces 
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being  forced  in  horizontally  towards  the  centre  of  the  spindle  by  the 
screws  on  each  side  of  the  box.  The  spindle  is  of  steel,  and  has 
only  one  flange  or  collar,  which  is  outside  of  the  front  box.  Between 
this  flange  and  the  end  of  the  box  is  a  hardened  steel  washer.  The 
cone  pulley,  c,  is  kept  from  turning  on  the  spindle  by  a  spline. 
Back  of  the  pulley  is  a  nut  by  which  it  can  be  forced  forward  and 
its  hub  kept  up  to  the  rear  end  of  the  front  box.  By  these  devices, 
the  front  journal  can  readily  be  kept  tight,  though  considerable  wear 
should  take  place.  Should  the  spindle  heat  by  continued  use,  it 
will  not  bind  end-wise,  nor  will  its  expansion  length- wise  affect  the 
accuracy  of  the  work  done  on  the  machine.  The  spindle  is  hollow, 
the  hole  being  one  and  a  quarter  inches  diameter,  and  has  on  the 
front  end  a  steel  chuck,  with  screws  and  jaws  for  adjusting  and 
holding  the  iron  bar  or  wire  from  which  the  screws  are  made.  On 
the  rear  end  of  the  spindle  is  a  leading  screw,  and  in  the  hand-lever, 
I,  a  section  of  a  nut,  which  fits  into  this  screw.  The  bar,  ii,  is 
fitted  to  slide  end-wise  in  bearings  parallel  to  the  spindle,  and 
carries  on  its  front  end  a  tool-head,  J,  and  to  the  rear  end  the 
lever,  i,  is  attached.  A  screw  thread  can  be  cut  with  this  device 
on  a  bar  projecting  from  the  chuck  on  the  front  end  of  the  spindle, 
with  a  tool  held  in  the  head,  J,  on  the  front  end  of  the  bar,  H.  At 
the  other  end  of  the  bed  of  the  machine,  resting  upon  two  V-shaped 
ways,  is  a  rectangular  piece,  d,  which  can  be  fastened  at  any  point 
by  two  screws  from  underneath.  Upon  and  attached  ,to  this  is 
another  piece,  which  is  fitted  to  slide  in  a  direction  parallel  to  the 
bed,  and  is  moved  by  the  hand-wheel,  K,  connecting  by  means  of  a 
pinion  and  rack,  or,  for  light  work,  by  the  hand-lever,  E,  substi- 
tuted for  the  hand-wheel,  K.  On  the  end  of  this  sliding  piece,  near- 
est the  spindle,  a  round  head,  F,  is  so  arranged  as  to  revolve  hori- 
zontally. In  the  edge  of  this  head  are  seven  holes,  which  serve  to 
hold  the  mills,  cutters,  and  dies  used  in  making  screws.  The  head 
is  held  very  firmly  in  its  place,  while  the  cutters  are  operating  by 
a  steel  pin,  which  comes  up  through  the  piece  on  which  the  revolv- 
ing head  rests,  at  the  point  nearest  the  line  of  the  spindle.  This 
pin  is  hardened  and  slides  through  a  hardened  steel  bushing,  and 
the  upper  end,  which  is  tapered,  enters  into  hardened  bushings  in 
the  bottom  of  the  revolving  head.  These  steel  bushings  are  ground 
inside  and  out,  after  hardening,  and  the  pin  is  afterwards  ground 
into  them  so  that  the  point  fits  them  all  alike.  When  the  revolving 
head  is  moved  back,  this  pin  is  withdrawn  by  means  of  a  short  lever, 
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the  fulcrum  of  which  is  attached  to  the  sliding  piece  which  supports 
the  revolving  head,  one  end  being  connected  with  the  pin,  and  the 
other  striking  an  inclined  plane  in  the  lower  piece,  T),  which  is  fas- 
tened to  the  bed.  The  extreme  back  motion  given  to  the  sliding 
piece  carrying  the  revolving  head  by  the  hand- wheel,  K,  brings  a 
star  wheel  on  the  under  side  of  the  revolving  head  in  contact  with 
a  dog,  projecting  upward  from  the  lower  piece,  D,  which  causes  the 
head  to  revolve  far  enough  to  bring  the  next  tool  in  a  position  ready 
to  operate  on  the  screw.  When  the  revolving  head  is  brought  for- 
ward, the  star  wheel  slips  over  the  dog,  and  the  pin  enters  the  hole 
in  the  head,  being  forced  up  by  a  spring  acting  on  the  rear  end  of 
the  short  lever,  after  which  the  tool  comrnence:;  to  operate. 

There  is  an  arrangement  whereby  any  wear  in  the  centre  hole  of 
the  revolving  head  can  be  compensated  for,  and  there  are  two  gibs,  one 
on  each  side  of  the  sliding  piece,  carrying  the  revolvi-ng  head,  to 
adjust  its  position  or  to  close  up  for  wear.  At  the  outer  end  of  the 
sliding  piece,  projecting  underneath  it,  is  a  screw,  L,  which  can  be 
set  to  limit  its  motion.  The  tools  in  the  revolving  head  are  each  held 
by  two  screws,  by  which  they  can  be  adjusted  as  required  for  the 
different  cuts  on  the  work.  Shoes  are  inserted  underneath  these 
screws  to  prevent  the  tools  they  hold  from  being  injured.  Between 
the  spindle  and  revolving  head  and  attached  to  the  bed,  is  a  slide 
rest  operated  by  a  crank,  m,  attached  to  a  screw,  or  for  light  work, 
by  the  hand- lever,  G.  It  has  two  tool-posts,  one  at  the  back,  slid- 
ing in  a  groove  parallel  with  the  ways  of  the  machine,  and  one  in 
front,  sliding  in  either  one  of  two  grooves,  side  by  side,  but  which 
are  at  right  angles  with  the  one  at  the  back  end.  Both  of  these 
tool-posts  can  be  raised  or  lowered  to  adjust  the  tools.  The  bottom 
piece  of  this  rest  is  planed  on  the  ways  of  the  bed,  and  can  be  moved 
upon  them  to  any  position  required.  The  tools  in  this  rest  may  be 
used  for  cutting  ofl",  pointing,  or  grooving,  and  their  movements  may 
be  limited  by  set  nuts  upon  a  screw  underneath  the  rest.  Oil  is 
supplied  from  the  can  placed  above  the  revolving  head,  to  the  cut- 
ting tools,  when  the  machine  is  in  operation.  The  machine  is  set 
upon  an  iron  table,  having  a  channel  around  the  edge  to  catch  the 
oil,  which  is  conducted  by  tubes  to  a  pail  hung  underneath  the 
machine.  The  overhead  work,  which  is  shown  in  a  reversed  posi- 
tion on  the  floor  in  front  of  the  machine,  has  two  of  Brown's  patent 
friction  pulleys,  by  which  the  motion  of  the  spindle  can  be  changed 
at  will. 
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Standard  Wire  Gauge. — The  importance  of  a  uniformity  in 
standards  for  all  things  which  have  any  extended  use,  is  a  matter 
both  so  self-evident,  and  so  frequently  noticed  of  late  years,  that 
we  consider  any  comment  would  be  superfluous.  The  only  open 
question  is  that  of  selecting  a  standard  which  shall  have  the  merits 
of  convenience,  ease  of  construction  and  verification,  and  accord- 
ance, if  possible,  with  the  best  usage. 

These  were  some  of  the  points  discussed  by  the  Committee  of 
the  Franklin  Institute,  who  had  in 
charge  the  question  of  a  standard 
gauge  for  screws  and  nuts,  and  it 
is  with  reference  to  these,  that  we 
should  consider  any  similar  arrange- 
gement  having  I'egard  to  another 
standard  of  an  article  in  general  use. 

At  the  last  meeting  of  the  Insti- 
tute, some  remarks  were  made  on 
this  subject,  in  connection  with  sev- 
eral instruments  for  measuring  the 
thickness  of  wire  and  sheet  metals 
manufactured  by  Messrs.  Brown  &. 
Sharpe,  of  Providence,  li.  I.,  which 
were  exhibited  on  the  occasion. 
These  gentlemen  have  arranged,  and 
have  caused  to  be  already  pretty 
largely  adopted,  a  standard  wire 
gauge,  known  as  the  "  American 
gauge,"  which  seems  to  fulfill  in  a 
very  satisfactory  manner  the  various 
requirements  of  the  case. 

In  this  scale,  the  starting  point  is 
taken  at  No.  36,  which  represents 
a  diameter  of  'OOS  of  an  inch,  and 
this  quantity  being  multiplied  by 
•0503536,  gives  the  next  size,  or  No. 
35,  and  this  product  being  again 
multiplied  by  the  same  fiictor, 
•0503536,  gives  the  next  size,  or 
No.  34,  and  so  on  for  each  successive  size  above,  while  the  smaller 
sizes  are  obtained  similarly  by  dividing  -005  of  an  inch,  and  the 
quotients  obtained  successively  by  this  same  number. 
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The  accompanying  table  shows  the  numbers  so  obtained  for  the 
new  scale,  as  compared  with  the  sizes  of  the  old  one. 

Bj  this  means  it  will  be  perceived  that  the  sizes  vary  in  a  regu- 
lar geometrical  progression,  which  produces  a  very  gradual  change 
in  size  for  the  smaller  diameters,  but  a  rapidly  increasing  difference 
as  the  larger  ones  are  reached.  This  is  evidently,  exactly  what  is 
demanded  in  practice. 

Fig.  1. 


This  relation  is  well  exhibited  by  the  graphical  projection  in 
Fig.  1,  where  the  different  numbers  being  indicated  by  the  succes- 
sive distances  upon  the  vertical  line,  the  relation  of  the  correspond- 
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iug  sizes  is  set  off  on  the  corresponding  horizontal  lines,  and  a  line 
then  struck  through  the  terminal  points.  Thus,  the  light  dotted 
line  represents  the  result  of  this  process  for  the  Brown  &  Sharpe 
gauge;  the  heavy  dotted  line,  that  derived  from  a  very  similar  gauge, 
proposed  by  Mr.  Latimer  Clark,  and  the  very  irregular  full  line,  the 
state  of  relations  in  the  common  or  Birmingham  gauge,  as  given 
by  Holtzapfell. 
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Thp  Sjieoiflc  Gravities  to  dptcrmlne  tho  wclRhfs,  and  the  ralculation  of  them, 
were  tiik>-n  and  mailo  l.y  CliiirlcH  II.  Ilaswpll,  C  Howling  Crwu,  N.  Y.  Dianu-- 
ten)  and  tliirkncsg  d"fermine<l  hy  the  American  Gau^e,  whii-li  in  introilun-d  and 
nmnufacturi'd  hy  J.  U.  Urown  k  Sliarpc,  of  Providentr,  K.  1.  T\\\»  KaUKv  i»  now 
Tery  fxtf-niiivply  adopted  atnonK  ninniifactureni  of  wire  and  plattMi.  It  nhonld 
be  considcri-il  thp  standard  Anicricau  gauge.  To  bo  bad  in  tbu  principal  bard- 
ware  stores  in  the  country. 
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The  great  want  of  regu]arity  in  the  common  gauge,  as  compared 
with  this  new  one,  is  also  exhibited  by  Fig.  2,  which  shows  one  side 
of  one  of  the  many  forms  in  which  wire  gauges  are  prepared  by 
Messrs.  Brown  &  Sharpe,  and  in  which  the  numbers  by  both  old 
and  new  gauges  can  be  taken  at  once  and  compared. 

The  subjoined  table,  which  has  been  prepared  with  great  care, 
gives  the  weight  of  all  sizes  of  wrought  iron,  steel,  copper  and  brass 
wire  and  plates  whose  diameter  or  thickness  has  been  determined 
by  the  American  Gauge. 

Harvesters. — To  America  belongs  the  honor  of  first  success- 
fully producing  the  mowing  and  reaping  machines.  When  first 
introduced,  although  their  form  was  awkward  and  cumbersome,  yet 
their  practical  usefulness  was  fully  demonstrated,  and  the  inventive 
genius  of  our  country  has  ever  since  been  encouraged  to  persevere  in 
efibrts  at  improvements,  adding  one  important  feature  after  another, 
until  the  Harvesters  of  to-day  are  among  the  most  perfect  and  sat- 
isfactory labor-saving  machines  of  which  the  age  can  boast.  The 
State  of  Ohio  stands  foremost  in  the  field  as  a  manufacturer  of 
Harvesters,  having  a  large  capital  invested  in  that  branch  of  agri- 
cultural machinery. 

To  a  person  crossing  the  State,  along  the  line  of  the  Pittsburg, 
Fort  Wayne  and  Chicago  Eailway,  it  is  a  source  of  surprise  to 
notice,  in  passing  the  dififerent  towns,  the  large  shops  devoted  exclu- 
sively to  agricultural  machinery.  Of  late  years,  the  machinists  of 
Ohio  have  devoted  a  great  share  of  labor,  time  and  money  to  per- 
fecting the  Harvesters,  and  in  their  shops  we  find  the  tools,  the 
arrangements  and  appointments  such  as  cannot  be  surpassed  in  any 
establishment  in  the  country.  A  good  example  of  such  works  is 
furnished  by  the  shop  of  E.  Ball  &  Company,  Canton,  Ohio ;  and 
some  of  the  improvements  introduced  by  this  firm  will,  we  think, 
be  interesting  to  our  readers.  To  Col,  E.  Ball,  of  Canton,  Ohio,  is 
conceded  the  honor  of  having  produced  the  first  successful  two- 
wheeled  Harvester  ever  built — the  old  Ohio — and  several  years 
were  spent  with  constantly  increasing  resources  and  facilities  in 
manufacturing  and  perfecting  that  justly  popular  machine.  It  soon 
became  evident  to  the  constructors  that  the  mechanical  standard  of 
the  Harvester  must  be  elevated  if  it  was  to  keep  pace  with  the 
rapid  march  of  improvements,  which  characterizes  our  day,  and 
fully  meet  the  constantly  increasing  tax  upon  its  durable  qualities. 
Each  year's  experience  and  observation  rendered  it  more  apparent 
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that  however  well  made,  the  rough-cast  Harvesters  could  not  be 
built  to  meet  their  new  conditions,  and  it  was  therefore  determined 


to  produce  a  new  machine  upon  wholly  different  principles,  with 
the  belief  that  the  increasing  intelligence,  wealth  and  enterprise  of 
Vol.  LVI.— Tuibd  Skries.— No.  5.— November,  1868.  88 
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the  country  would  insure  the  success  of  the  undertaking.  The 
World's  Harvester  is  the  result  of  that  determination. 

Thp  features  of  this  machine  are  first,  That  all  parts  of  various 
machines  are  interchangeable. 

Second.  That  the  wheels  are  cast  blank.  As  this  is  a  point  of  vital 
moment,  we  wish  the  reader  to  note  it  particularly.  These  blanks 
are  as  perfect  as  it  is  possible  to  make  a  casting  of  any  kind,  but  in 
order  to  secure  absolute  perfection,  they. are  made  larger  than  the 
wheels  intended  to  be  produced  from  them,  to  provide  for  every 
contingency  attending  their  moulding,  and  the  contraction  in  cool- 
ing. They  are  then  placed  in  a  lathe  and  turned  off  to  the  stan- 
dard gauge.  After  being  turned  down  to  the  required  size,  faced 
and  bored,  they  are  passed  to  the  gear  cutters.  These  have  been 
invented  and  built  by  the  manufacturers  expressly  for  this  work, 
and  are  thoroughly  efficient.  The  blanks  are  firmly  adjusted  in 
position,  and  then  with  a  steady  measured  stroke,  the  teeth  or  cogs 
are  cut  from  the  solid  iron.  The  cutting  of  every  wheel  in  the 
machine  is  efl'ected  in  the  same  manner,  so  that  it  ii  impossible  for 
the  wheels  to  be  imperfect  in  any  respect,  or  for  one  cog  to  differ 
from  another.  The  shafting  of  this  machine  is  prepared  with  the 
same  regard  for  exactness  in  all  its  relations,  as  that  which  marks 
the  preparation  of  the  gearing,  each  piece  with  its  journals  being 
turned  to  a  gauge  and  of  a  size  which  when  driven  through  the 
bore  of  the  wheel,  of  which  it  is  the  axis,  does  not  admit  of  the 
slightest  vibration  of  either  shaft  or  wheel.  Although  the  adjust- 
ment of  the  shafts  and  the  boxes  of  the  several  wheels  is  so  firm 
that  they  seem  to  be  a  single  piece,  the  connection  is  rendered  addi- 
tionally secure  by  the  introduction  of  keys  sunken  into  both  wheel 
and  shaft.  Each  wheel  with  its  cogs,  and  shaft  with  its  journals, 
having  been  thus  prepared,  the  next  important  matter  is  to  adjust 
them  to  each  other  in  a  frame  which  will  preserve  them  in  the  exact 
positions  and  relations  they  are  intended  to  occupy.  The  founda- 
tion of  the  worWs  machine^  like  that  of  all  structures  intended  to 
endure,  is  arranged  with  especial  care.  The  frame  of  a  reaper  is  its 
foundation^  and  upon  the  solidity  and  strength  of  this^  the  proper 
action  of  the  working  parts  depend.  In  moving  over  uneven  sur- 
faces, it  is  obvious  that  there  will  be  more  or  less  strain  upon  the 
frame,  thereby  endangering  the  bearings  of  the  gearing  attached  to 
it.  Heretofore,  machines  were  built  with  light  iron  or  heavy  wooden 
frames,  neither  of  which  can  entirely  resist  the  strain  to  which  they 
are  subjected  while  the  latter  is  exposed  to  the  additional  disadvan- 
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tages  arising  from  expansion,  contraction  and  warping,  thereby 
seriously  affecting  its  permanency,  as  well  as  that  of  the  bearings, 
&;c.,  and  it  is  equally  obvious  that  the  slightest  derangement  of  the 
lines  of  action,  throws  the  whole  gearing  out  of  adjustment,  and 
increases  the  friction. 

To  avoid  these  difficulties,  the  foundation  of  this  machine  con- 
sists of  a  single  piece  of  iron^  so  shaped  that  there  can  be  no  strain 
or  torsion  in  any  direction,  which  is  not  fully  provided  for.  This 
foundation  or  case^  while  it  furnishes  an  unchangeable  base  for  the 
gearing,  answers  the  further  purpose  of  entirely  excluding  water, 
dirt,  grass,  and  indeed,  everything  else  that  is  calculated  to 
prove  injurious  to  the  machinery;  since  it  has  not  only  a  seamless 
bottom,  but  also  a  closely  fitting  hinged  top.  The  bearings  of  the 
machine  are  fixed  with  the  greatest  exactness,  because,  upon  this 
depends  an  accurate  operation  of  the  gearing.  First,  a  jig  or  skele- 
ton, representing  all  the  journals,  is  laid  in  the  hold  or  frame,  and 
the  bearing  filled  with  Babbitt  metal.  Three  important  ends  are 
secured  by  this  process.  First,  the  lines  of  the  machine  are  secured 
with  great  precision,  the  exact  place  for  the  centre  of  each  journal 
is  fixed,  and  thereby  the  relative  position  of  each  shaft  and  wheel 
is  determined.  Second,  each  one  being  adjusted  by  the  same  stan- 
dard, all  are  precisely  alike.  Third,  the  Babbitt  metal  affords  its 
usual  good  effects.  The  boxing  is  all  "  Babbitted,"  drilled  and 
turned  to  a  standard  gauge.  Not  only  are  the  holes  bored  and  the 
bolts  turned,  so  that  the  fit  is  perfect,  but  the  threads  of  the  bolts 
are  cut  upon  a  lathe,  so  that  when  forced  into  their  place  and  secured 
witli  nuts  faced  in  the  same  manner  as  the  bolt-heads  and  bearings, 
there  is  not  a  possibility  of  lateral  movement.  The  permanency  of 
the  boxing  is  further  secured  by  the  fact  that  each  box  is  "stooled" 
or  sunk  into  the  "pillar-block,"  the  connection  being  carefully  bored 
and  turned.  Under  each  of  these  "  stools,"  there  are  a  number  of 
tin  washers,  which  can  be  removed  one  by  one,  as  the  wear  of  the 
metal  may  require. 

With  this  arrangement  for  re-adjustment,  it  is  possible  to  keep 
the  journals,  and  hence  the  cogs  of  the  wheels,  in  their  proj^er  rela- 
tion to  each  other.  Thus  each  of  the  several  parts  from  the  tin 
washer  underlying  the  "stools,"  to  the  largest  wheel  or  shaft,  is 
perfect  in  form  and  adjustment,  and  enclosed  in  a  neat  iron  case,  in 
which  it  is  perfectly  secured  from  all  external  causes  of  destruction. 

Mr.  Boyle  and  the  Zentmayer  Lens. — We  make,  with  great 
willingness,  at  the  reque;st  of  Mr.  Boyle,  the  following  explanations 
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with  the  view  of  avoiding  a  misunderstanding  of  our  notice  in  the 
September  number: — 1st.  The  charges  alluded  to  as  "slanders" 
were  made  by  the  editor  of  Humphrey's  Journal  not  by  Mr.  Boyle. 
2d.  The  conclusion  we  draw  from  the  facts  stated  in  connection  with 
the  action  of  the  New  York  Photographic  Society  is,  that  the  whole 
afi'air  was  managed  without  the  least  care  or  attempt  to  reach  the 
facts  of  the  case.  So,  only,  can  we  reconcile  the  report  with  the 
documentary  evidence  in  our  possession,  and  the  drawings  published 
by  Mr.  Boyle  himself  in  his  letter. 

Hydraulic  Lift  Graving  Dock  for  Bombay. — One  of  these 
docks,  invented  by  Mr.,  Edwin  Clark,  is,  as  we  learn  from  Engi- 
neering,  about  to  be  constructed  in  England  and  sent  out  to  India, 
this  form  being  specially  fitted  for  the  purpose,  by  reason  of  its 
economy  in  first  cost  and  working  expenses,  and  because  it  can  be 
erected  in  a  very  short  time,  as  compared  with  other  forms.  The 
dock  will  be  formed  of  thirty-six  cast  iron  columns,  six  feet  six 
inches  in  diameter,  placed  in  parallel  rows  ninety-four  feet  six  inches 
apart,  from  centre  to  centre,  eighteen  columns  being  arranged  equi- 
distantly  in  each  row. 

The  lower  part  of  each  column  will  be  let  into  the  ground  to  such 
a  depth  as  may  be  necessary,  in  order  to  secure  a  good  foundation, 
the  height  from  the  ground  to  the  top  of  the  columns  being  eighty- 
seven  feet.  The  dock  has  been  designed  with  a  view  to  its  being 
erected  where  there  is  an  extreme  depth  of  water  at  high  tide  of 
forty-eight  feet  six  inches,  and  the  columns  will  rise  thirty-eight 
feet  six  inches  above  that  level.  The  bottom  of  each  column  is 
filled  in  with  concrete,  to  a  height  of  about  twelve  feet  above  the 
ground  level ;  on  this  is  laid  a  seating  of  timber  to  receive  the  bed- 
plates of  the  hydraulic  presses.  Each  column  contains  two  hydrau- 
lic presses,  having  fourteen  inch  rams,  with  a  stroke  thirty-three 
feet  six  inches  in  length.  The  upper  ends  of  the  two  rams  are  con- 
nected to  a  wrought-iron  cross- head,  from  either  end  of  which  de- 
pend chains,  connected  at  their  lower  extremity  with  the  girders 
supporting  the  pontoon.  The  upper  portion  of  the  cast  iron  col- 
umns are  of  Tuscan  character,  and  those  in  each  row  are  connected 
at  their  tops  by  a  platform  carrying  a  traveller.  There  is  also  a 
platform  twenty  feet  wide,  just  above  high  water  line,  surrounding 
the  dock,  excepting  at  its  entrance  end.  For  the  purpose  of  ena- 
bling the  pontoon  to  be  canted  in  various  directions,  the  columns 
are  arranged  in  three  groups,  each  group  being  capable  of  being 
worked  independently  of  the  other  two ;  thus,  the  first  nine  columns 
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on  each  side  form  one  group,  and  the  other  nine  columns  on  cither 
side  form  the  other  two  groups  respectively. 

The  pontoon  rests  upon  iron  trellis  girders,  ten  feet  eight  inches 
deep  and  ninety-six  feet  three  inches  in  extreme  length.  The  top 
and  bottom  members  of  these  girders  are  connected  together ;  the 
struts,  consisting  each  of  two  parallel  flat  bars  braceil  together,  and 
the  ties  of  a  number  of  thinner  bars.  The  girders  are  arranged  in 
pairs,  connected  together  at  their  top  flanges  by  cross  bracing. 

The  pontoon  is  380  feet  long  by  eighty-five  feet  wide,  and  it  rests 
upon  balks  of  teak  timber  laid  on  the  top  of  the  girders.  The  ex- 
treme depth  of  the  pontoon  at  its  sides  is  nine  feet  eight  inches,  and 
it  slopes  down  to  a  depth  of  six  feet  eight  inches  in  the  centre;  the 
centre  of  the  pontoon  is  thus  made  shallower  than  its  outside,  with 
a  view  to  enabling  it  to  be  used  for  vessels  of  greater  draught.  A 
flap  at  the  entrance  of  the  pontoon,  thirty  feet  wide,  lets  down  for 
the  admission  of  vessels,  and  is  then  closed  up  water-tight  against 
india-rubber,  bringing  the  height  of  the  entire  end  straight  on  a 
level  with  the  sides.  The  pontoon  consists  of  a  frame  work  formed 
by  three  longitudinal  box  girders  extending  its  whole  length,  in 
addition  to  the  outsides,  and  these  are  connected  transversely  by 
fort3'-nine  cross  girders,  the  whole  being  covered  with  plates  half 
inch  thick.  It  is  also  divided  internally  into  thirty-six  water-tight 
compartments,  each  provided  with  a  separate  valve,  so  that  it  can 
be  filled  with  water,  if  required,  to  prevent  the  straining  of  the 
pontoon  by  unequal  loading. 

The  whole  iron  work  in  this  fine  structure  will  weigh  about  7,000 
tons,  of  which  the  pontoon  alone  takes  1,500  tons.  For  the  conve- 
nience of  shipment  it  has  been  found  necessary  to  limit  the  weight 
of  each  piece  of  the  structure,  and  the  pontoon  will  have  to  be  com- 
pleted by  riveting  the  parts  together  on  their  arrival  at  Bombay. 

The  engines  for  working  the  hydraulic  rams  will  consist  of  two 
pairs  of  high-pressure  horizontal  cylinders,  each  twenty-two  inches 
in  diameter,  with  a  two  feet  six  inch  stroke.  These  engines  will 
work  twenty-four  pumps,  having  the  same  length  of  stroke,  and 
with  plungers  two  and  a  quarter  inches  in  diameter.  These  engines 
will  be  capable  of  lifting  the  Bellerophon,  on  a  suitable  pontoon, 
thirty-three  feet  high  in  less  than  an  hour,  the  total  weight  of  that 
ship  and  its  pontoon  being,  together,  equal  to  about  11,000  tons. 

Structure  of  the  Sun. — Some  points  of  interest  and  novelty  in 
connection  with  the  above  subject,  appear  in  two  articles  which  we 
have  just  received  in  the  last  published  number  of  the  Proceedings 
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of  the  Royal  Institute,  No.  46.  These  articles  are  first,  "On  the 
Sun  as  a  variable  star."  By  Mr.  Balfour  Stewart,  and  second  "On 
the  Chemistry  of  the  Primeval  Earth."     By  Mr.  T.  Sterry  Hunt. 

The  first  author,  after  a  preliminary  discussion,  and  disposal  of 
the  various  unsatisfactory  hypotheses  which  have  been  suggested 
in  explanation  of  the  phenomena  of  variable  stars  and  periodicity 
in  sun  spots,  proceeds  to  enunciate,  in  a  concise  form,  a  theory  not 
unfamiliar  in  many  points  but  now  most  completely  expressed. 

The  photosphere  or  visible  surface  of  the  sun,  is  conceived,  as  in 
most  modern  theories,  to  consist  of  cloud  masses,  or  to  be  a  surface 
of  condensation  termina,ting  the  ascending  currents  of  vapor  which 
are  constantly  rising  from  the  central  mass.  The  faculae  or  portions 
of  superior  brightness  often  observed  and  frequently  accompanying 
sun  spots,  are  portions  of  this  cloudy  matter  which  have  reached 
an  excessive  height  in  the  solar  atmosphere  and  thus  escape  the 
absorbing  or  light-obscuring  influence  of  that  medium. 

The  fact  that  these  facula  as  a  rule  predominate  on  the  following 
side  of  a  spot,  indicates  to  us  that  they  have  been  projected  from  a 
lower  to  a  higher  region,  and  thus,  by  reason  of  their  slower  motion, 
fall  behind  in  the  more  distant  and  therefore  more  rapidly  moving 
regions  into  which  they  have  been  projected,  exactly  on  the  same 
principle  which  explains  the  westerly  motion  of  our  trade  winds. 

On  the  other  hand,  as  shown  by  the  observations  of  Carrington, 
sun  spots  have  a  forward  motion  with  reference  to  the  adjacent  re- 
gions of  the  surface,  thus  indicating  that  the  influence  producing 
them  has  descended  from  a  higher  and  more  rapidly  moving  region, 
This  influence  Mr.  Stewart  supposes  to  be  a  down-rush  of  the  colder 
and  absorbtive  atmosphere  which  follows  the  explosion  or  uprush 
by  which  the  faculae  were  projected  outwards. 

Such  being  the  nature  of  sun  spots,  the  cause  of  the  periodicity  is 
next  examined,  and  it  is  shown,  from  the  observations  of  Messrs. 
De  la  Rue,  Stewart  and  Loewry,  which  we  have  before  noticed, 
that  the  period  of  ten  years,  now  well  established,  depends  upon  the 
influence  of  the  two  planets,  Yenus  and  Jupiter;  the  one  being  ef- 
fective by  reason  of  its  nearness,  and  the  second  by  its  mass. 

As  a  complement  and  conclusion  to  this  description,  we  may  well 
insert  the  substance  of  Mr.  Hunt's  paper,  where  he  speaks  of  the 
solar  constitution. 

After  drawing  attention  to  the  facts  demonstrated  recently  by 
Deville,  as  regards  the  decomposition  of  the  most  fixed  chemical 
compounds  by  a  very  high  temperature,  he  proceeds  as  follows : 
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"  The  sun,  then,  is  to  be  conceived  as  an  immense  mass  of  intensely 
heated  gaseous  and  dissociated  matter,  so  condensed,  however,  that, 
notwithstanding  its  excessive  temperature,  it  has  a  specific  gravity 
not  much  below  that  of  water ;  probably  offering  a  condition  analo- 
gous to  that  which  Cagniard  dela  Tour  observed  for  volatile  bodies 
when  submitted  to  great  pressure  at  temperatures  much  above  their 
boiling  point.  The  radiation  of  heat,  going  on  from  the  surface  of 
such  an  intensely  heated  mass  of  uncombined  gases,  will  produce  a 
superficial  cooling,  which  will  permit  the  combination  of  certain 
elements  and  the  production  of  solid  or  liquid  particles,  which,  sus- 
pended in  the  still  dissociated  vapors,  become  intensely  luminous 
and  form  the  solar  photosphere.  The  condensed  particles,  carried 
down  into  the  intensely  heated  mass,  meet  with  a  heat  of  dissocia- 
tion ;  so  that  the  process  of  combination  at  the  surface  is  incess- 
antl}^  renewed,  while  the  heat  of  the  sun  may  be  supposed  to  be 
maintained  by  the  slow  condensation  of  its  mass;  a  dimunition  by 
J  j}^-^  of  its  present  diameter  being  sufficient,  according  to  Helmholtz, 
to  maintain  the  present  supply  of  heat  for  21,000  years." 

This  hypothesis  is  due,  as  our  author  remarks,  to  Fay e,  and  seems 
to  accord  best  with  our  present  knowledge.  It  is  especially  worthy 
of  note  that  it  accords  with  the  observed  fact,  that  the  intensity  of 
the  sun's  emitted  rays  corresponds  with  those  derived  from  chemical 
combination,  while  other  considerations  would  lead  us  to  assign  the 
primary  source  of  the  solar  temperature  to  a  much  more  intense 
origin,  such  as  the  heat  developed  by  impact  of  meteoric  matter,  a 
source  omitted,  but  not  excluded,  in  the  altove  hypothesis. 

Photograph  of  Invisible  Light. — We  have  just  received, 
through  the  kindness  of  a  friend,  a  photograph  of  the  actinic  por- 
tion of  the  solar  spectrum,  showing  the  absorption  bands  (as  well 
of  course  as  the  intermediate  luminous  spaces),  from  G  to  R,  of 
which  all  beyond  n  are  invisible.  This  picture  is  made  by  the  use 
of  lenses  and  prisms  of  quartz,  as  glass,  even  of  the  thinnest  kind, 
entirely  obstructs  these  rays.  It  was  prepared  as  one  of  the  illus- 
trations for  the  new  edition  of  Miller's  Physics  (the  German  copy) 
and  may  be  there  found. 

In  Becquerel's  last  book,  just  published,  "  La  Lumiere,"  admi- 
rable copies  of  this  photograph  will  be  found  in  both  volumes. 
It  is  engraved  on  steel,  and  being  printed  with  a  dark  brown  ink, 
is  hardly  distinguishable  from  the  original. 

The  difficulty  of  producing  such  a  photograph  is  very  great,  and 
certain  imperfections  seem  as  yet  inseparable  from  the  result.   Thus, 
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as  we  have  mentioned,  all  tlie  apparatus  througli  whicli  tbe  light 
passes  is  of  quartz ;  but  quartz  is  a  double  refracting  medium  ; 
hence,  even  if  we  so  cut  the  prisms  and  lenses  from  the  crystal  as 
to  reduce  the  disturbance  from  this  cause  to  a  minimum,  it  will 
still  exist  and  produce  a  notable  effect. 

Prof.  William  A.  Miller,  of  London,  made  a  very  thorough  in- 
vestigation of  the  "  photographic  transparency  of  bodies,"  in  the 
hope  of  finding  something  which  could  be  substituted  for  quartz 
with  advantage  in  this  respect,  but  without  success. 

It  is  for  the  reason  above  noticed,  we  presume,  that  this  actinic 
spectrum  is  deficient  in  the  perfect  definition  of  lines,  which  char- 
acterises the  spectrum  of  the  visible  and  actinic  rays,  produced  by 
Mr.  L.  M.  Rutherfurd,  of  which  we  have  also  a  copy  before  us. 

This  photograph  is  forty-one  and  a  half  inches  in  length,  and 
shows  the  part  of  the  spectrum  from  the  beginning  of  the  blue 
(the  green  being  absolutely  devoid  of  photographic  power,  as  has 
been  demonstrated  by  Mr.  Rutherfurd),  up  through  indigo  and  violet 
to  the  limit  of  visibility,  and  of  the  rays  whi'ch  will  traverse  glass. 

The  sharpness  of  definition  and  fineness  of  lines  in  all  parts  of 
this  spectrum  is  so  great,  that  nothing  more  could  be  appreciated 
by  the  eye  without  the  aid  of  a  lens. 

Comparing  this  with  the  German  spectrum,  we  find  that  the  space 
in  the  latter  between  the  lines  G  and  h  measures  about  seven-eighths 
of  an  inch,  and  shows  about  thirty-one  lines,  while  in  that  of  Mr. 
Rutherfurd,  it  measures  sixteen  inches,  and  shows  at  least  600  lines. 
This  greater  expansion  is  of  course  due  to  the  use  of  a  greater 
number  of  prisms,  but  if  attempted  with  those  of  quartz,  would 
introduce  such  errors  as  to  obliterate  in  all  probability  all  the  exist- 
ing lines. 

Tidal  Rainfall. — In  a  recent  communication  to  the  American 
Philosophical  Society,  Mr.  P.  E.  Chase  discussed  the  rainfall  of 
Philadelphia,  with  special  reference  to  the  position  of  the  moon. 
His  examination  of  forty-three  and  a  half  years'  records  at  Penn- 
sylvania Hospital,  five  years  at  Girard  College,  and  seventeen  years 
by  Prof.  Kirkpatrick,  leads  him  to  the  conclusion  that  quadrature, 
apogee,  south  latitude  and  declination,  horizontal  attraction,  and 
action  in  the  minimum  pressure-plane  of  the  daily  barometric  ellip- 
soid, are  each  accompanied  by  a  tendency  to  increase  of  rain  and 
fall  of  barometer, — while  syzygy,  perigee,  north  latitude  and  decli- 
nation, meridional  attraction,  and  action  in  the  plane  of  maximum 
pressure,  tend  to  produce  fair  weather  and  a  rise  of  barometer.  He 
also  finds  that  these  tendencies,  like  the  ocean  tides,  are  more 
marked  in  low,  than  in  high  latitudes. 
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THE  ECONOMICAL  CONSTRUCTION  OF  BEAM  TRUSSES. 

By  G.  S.  Morison,  C.  E, 

(Continued  from  page  237. ) 

Strains  in  th^Chords     {Bending  Strains.) 

As  the  chords  of  a  beam  truss  are  at  right  angles  to  the  direc- 
tion in  which  the  weight  acts,  the  strains  in  them  must  be  produced 
solely  by  the  distributing  action  of  the  web,  each  member  in  turn 
producing  its  effect.  Thus,  in  Fig.  22,  the  strut  a  imparts  a  strain 
to  the  lower  chord  at  the  point  a,  and  to  the  upper  Fig.  22. 

chord  at  B,  the  tie  b  imparts  a  further  strain  at  B      „A«Jt/v7v/VA 
and  at  c,  the  strut  c  at  c  and  d,  &;c.  a  c 

In  Fig.  23,  let  E  F  and  g  h  represent  the  two  chords,  and  a  b  an 
inclined  member  of  the  web,  B  c  being  the  amount  of  its  inclination, 
and  A  c  the  depth  of  the  truss.  The  strain  in  a  B  will  be  equal  to 
the  shearing  strain  at  this  point  multiplied  by  a  B  and  j,.     ^^ 

divided  by  A  c,  and  the  horizontal  component  of  the 
forces  acting  in  A  B  equal  to  the  shearing  strain 
multiplied  by  B  c  and  divided  by  A  c.  This  hori. 
zontal  component  is  thrown  entirely  upon  the  chords,  and  hence 
the  force  applied  to  either  chord  by  a  member  of  the  web  is  equal 
to  the  shearing  strain  at  that  point  multiplied  by  the  inclination  of 
that  member,  and  divided  by  the  depth  of  the  truss.  While  the 
shearing  strain  is  positive,  the  forces  thus  thrown  upon  the  upper 
chord  act  towards  the  right,  and  those  thrown  upon  the  lower  chord, 
towards  the  left ;  when  the  shearing  strains  become  negative,  these 
directions  are  reversed.  In  each  chord,  the  forces  acting  in  oppo- 
site directions,  balance  one  another;  in  the  upper  chord  they  act 
towards  each  other  and  create  a  compression  which  increases  from 
each  end  to  the  point  where  the  shearing  strain  changes  its  sign ; 
in  the  lower  chord  they  act  from  each  other,  and  produce  a  tension 
of  like  intensity. 

The  strains  in  the  chords  increase  at  each  point  where  an  inclined 
member  of  the  web  terminates,  but  to  simplify  the  investigation  of 
the  law  of  this  increase,  it  may  be  considered  gradual  (as  in  a  solid 
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beam),  the  inclination  of  tlie  brace  then  disappearing  as  a  factor  in 
the  rate  of  increase.  The  increment  of  the  strain  in  the  chords  at 
each  point  is  then  equal  to  the  shearing  strain  divided  by  the  depth 
of  truss ;  and  the  strain  in  the  chords  is  everywhere  equal  to  the 
sum  of  the  shearing  strains  between  that  point  and  the  end  of  the 
truss  divided  by  the  depth. 

"When  a  beam  is  uniformly  loaded,  the  chord  strains  will  increase 
with  an  uniformly  decreasing  increment  from  the  end  to  the  centre, 
and  decrease  similarly  to  the  further  end ;  the  strains  being  every- 
where proportional  to  the  ordinates  of  a  parabola.  In  Fig.  24,  let 
D  E  be  the  line  denoting  the  shearing  strains  in  the  uniformly  loaded 
beam,  a  b.     The  chord  strain  at  any  point,  P,  is  equal  to  the  sum 

of  the  shearing  strains  between  A  and  p,  repre- 
^^'     '  sented  by  the  area  of  the  trapezoid  a  d  f  p,  divided 

by  A,  the  depth  of  truss.     Adopting  the  notation 

already  used — 


AP: 


J  I — CC,  AD  = 

wl 


wl 

"2"' 


'PY  =  WX 


area  ADFP  — |f -^— 4- t^x j  i\l- 


h 


Z^— 4x2 


w 


and  the  chord  strains  throughout  the  beam  are  the  ordinates  of  the 
parabola  whose  equation  is — 

0  (centre  of  beam),  y  =—07- 

Making  c  H  = -^^oT- ,  A  h  b,  having  its  vertex  at  H,  will  be  this 

parabola. 

In  the  case  of  a  beam  partially  loaded,  the  beam  itself  being  sup- 
posed without  weight,  the  chord  strains  in  the  loaded  portion  will 
be  denoted  by  the  ordinates  of  a  parabola  having  its  vertex  over 
the  point  where  the  sign  of  the  bearing  strain  changes,  and  in  the 


Z2  — 4x» 
When  x  =  +  I  /,  y  =  o,  and  when  x  - 
8h 


Pig.  26. 


unloaded  portion  by  an  inclined  straight  line  (Fig. 
25).  As  the  curvature  of  the  parabola,  is  deter- 
mined by  the  inclination  of  the  line  D  E,  parallel 
to  the  line  de,  which  denotes  the  shearing  strain 
in  the  beam,  a  b,  when  uniformly  loaded,  this  para- 
bola has  the  same  parameter  as  the  parabola  a  o  B 
which  corresponds  to  the  uniform  load. 
When  a  beam  is  loaded  throughout,  but  more  heavily  in  one  part 
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than  another,  the  chord  strains  will  be  denoted  bj  parts  of  two  para- 
bolas, the  parameters  of  which  are  determined  by  the  intensities  of 
the  two  loads  (Fig.  26.) 

A  parabola  passing  through  the  points  A  and  Fig.  26. 

B,  and  having  the  central  line  cii  for  its  axis, 
necessarily  includes  any  similar  parabola  pass- 
ing  through  either  A  or  B,  but  having  another 
line,  as  k:  o  (Fig.  25),  for  its  axis.  This  appears 
at  once  from  the  figures.  It  follows  that  the 
strains  in  the  chords  are  everywhere  greater  when  the  beam  is  fully 
loaded  than  under  any  possible  partial  load,  and  an  investigation  of 
the  effects  of  a  full  load  includes  all  maximum  strains.  The  same 
is  shown  by  Plate  1,  Fig.  11,  where  it  is  evident  that  the  sum  of  the 
shearing  strains  between  any  point  and  one  end  of  the  beam  is  o-reat- 
est  when  the  whole  beam  is  covered  by  the  advancing  load. 

Reduction  of  the  Strains  in  the  Chords. 

As  the  chord  strains  are  inversely  proportional  to  the  depth  of 
truss,  the  first  step  in  reducing  them  is  to  increase  this  depth.  Such 
an  increase,  however,  is  practicable  only  to  a  limited  extent,  a  depth 
of  more  than  one-eighth  the  length  being  seldom  possible  in  long 
spans.  The  amount  of  material  in  the  web  increases  but  slightly 
with  the  depth  (the  entire  increase  being  in  the  compression  mem- 
bers) so  long  as  the  angular  inclination  of  the  braces  remains 
unchanged,  but  when  the  depth  is  increased  without  changino-  this 
angle,  the  length  of  panel  is  also  increased,  and  it  becomes  neces- 
sary either  to  sustain  the  road-way  by  independent  trussintr  across 
the  panels,  or  to  increase  the  number  of  systems,  thereby  multiply- 
ing the  details ;  either  of  which  arrangements  is  more  or  less  expen- 
sive and  objectionable.  But  in  a  long  span  the  chief  limit  to  the 
depth  is  that  imposed  by  the  necessary  requirements  for  stability 
against  wind,  which  forbid  the  use  of  a  depth  too  great  in  propor- 
tion to  the  breadth  of  base.  The  safe  relative  depth  differs  materi- 
•ally  with  the  character  of  the  bridge;  it  is  greater  in  a  through 
bridge  than  in  a  deck  bridge,  whose  piers  extend  only  to  the  bot- 
tom chord ;  greater  still  in  a  deck  bridge,  in  which  the  piers  are 
carried  to  the  upper  chord ;  while  probably  the  arrangement  which 
admits  of  the  greatest  depth  is  that  in  which  the  bridge  is  hunf  from 
points  half  way  between  the  top  and  bottom,  a  plan  adopted  in  the 
bridge  at  Mayence,  across  the  Rhine,  a  double  parabolic  truss  having 
a  depth  equal  to  more  than  three  times  the  breadth  of  base. 
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Fig.  27. 

K 


In  the  cases  of  free  beams  already  examined,  the  top  chord  is 
strained  only  in  compression,  and  the  bottom  chord  only  in  tension. 
If  a  tension  could  be  imparted  to  the  top  chord,  independently  of 
the  compression  caused  by  the  load,  this  tension  would  have  to  be 
overcome  before  any  compression  could  exist ;  a  like  result  would 
ensue  if  a  similar  independent  compression  were  given  to  the  bot- 
tom chord,  the  resulting  strains  in  each  case  being  at  every  point 
the  difference  between  that  caused  by  the  load,  and  that  existing 
independently  of  it. 

The  existence  of  tension  in  the  upper  chord,  and  compression  in 
the  lower,  is  the  revergp  of  the  effect  of  weight  upon  a  free  beam, 
and  will  tend  to  bend  the  beam  in  an  opposite  way.  The  two 
bending  strains  are  properly  distinguished  by  the  use  of  opposite 
signs,  the  plus  sign  denoting  compression  above  and  tension  below, 
and  the  minus  sign  the  reverse. 

In  Fig.  27,  the  beam  A  B  is  supposed  to  be  subjected  throughout 
to  an  uniform  negative  bending  strain,  equal  to  a  E ;  if  a  load  be 
now  placed  upon  this  beam  which  would  produce 
in  a  free  beam  the  positive  bending  strains  denoted 
by  the  parabola  A  KB,  the  resulting  strains  will  be 
given  by  the  parabola,  E  n  F.  They  will  be  posi- 
tive between  m  and  N,  but  negative  from  A  to  M, 
and  from  N  to  B ;  the  strain  at  the  centre  is  reduced 
from  c  K  to  c  H,  and  the  total  amount  of  strains  is 
represented  by  three  small  areas,  A  E  m,  m  h  n,  and 
N  B  F,  instead  of  by  the  large  parabola,  A  k  B.  As  in  this  case,  the 
curvature  is  twice  reversed,  the  bent  beam  will  now  resemble  that 
shown  in  Fig.  28. 

There  are  many  obvious  diflSculties  in  the  way  of  straining  the 

Fig.  28.  chords  independently  of  the  action  of  the  load, 

but  if  the  ends  of  a  beam  were  so  secured  as  to  be 

immovable,  it  is  obvious  that  when  the  beam  was 

loaded  it  would  bend  as  shown  in  Fig.  28,  and  that  as  the  effects  are 

similar,  the  strains  must  be  similar  to  those  denoted  by  the  result- . 

ant  parabola,  E  h  f  (Fig.  27).*     As  in  this  case,  the  ends  of  the 

*  The  load  may  be  regarded  as  producing  the  usual  posiliva 
strains,  while  the  uniform  negative  strains  are  due  to  the  reac- 
tion of  the  fastenings  which  hold  the  ends  of  the  beam.  The 
reaction  of  the  fastening  at  a,  produces  the  negative  strains  indi- 
cated by  the  triangle  auk,  and  that  at  A  B,  the  negative  strains 
denoted  by  bad,  the  sum  of  the  two  being  the  rectangle,  abed. 
Adding  thereto  the  positive  parabola,  a  k  u,  the  resultant  para* 
hola,  D  Q  E,  is  obtained. 
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chords  cannot  move,  the  elongation  in  each  chord  due  to  tension 
would  be  exactly  balanced  by  the  opposite  effect  of  compression, 
and  the  sum  of  the  negative  strains  be  equal  in  amount  to  the  posi- 
tive.    Hence  (Fig.  27),  the  areas — 

AME  +  NBF=MHN 
or  adding  E  M  N  F  to  both  sides 

ABFE=EMnNF  =  AKB 

and  substituting  the  value  of  these  areas — 


K^7      o7vy    ^^  ^w; 


reducing  we  have- 


AE  = -^ry—  CH  =  CK  —  EA  = 


12/i  "  ^        24/i 

The  maximum  strain  is  thus  reduced  to  two-thirds  the  former 
amount,  and  the  strain  at  the  centre  to  one-third  of  what  it  was  in 
a  free  beam.     The  equation  of  the  parabola,  E  h  F  will  be — 

which  gives  for  M  and  N  the  points  of  reversal — 

y  =  o  x  =  — —  =+-2887^ 

1/12 

The  total  amount  of  the  chord  strain  is  reduced  from — 

12A  ish v/3 
or  to  "3849  of  its  former  amount,  a  reduction  of  over  sixty  per  cent. 
The  saving  of  materials,  however,  in  a  truss  with  chords  of  variable 
section,  will  not  quite  equal  this  amount,  as  a  considerable  section 
of  chord  must  be  placed  about  the  points  of  reversal,  both  to  give 
continuity  to  the  chords,  and  to  provide  against  the  variations 
caused  by  moving  loads. 

The  strength  of  floor  beams  and  door  caps  in  buildings  is  greatly 
increased  by  building  their  ends  into  the  walls,  while  every  one 
knows  how  much  the  stifiness  of  a  thin  plank  is  increased  by  simply 
nailing  down  the  ends ;  but  in  trusses  of  considerable  length,  it  is 
difficult  to  take  advantage  of  this  source  of  economy.  Sometimes 
it  may  be  possible  to  anchor  the  ends  of  a  wooden  truss,  as  in  the 
case  of  a  deck  bridge  of  a  single  span  across  a  rocky  chasm  ;  a 
simple  plan,  however,  is  that  adopted  in  a  bridge  over  the  little 
river  Ciron,  on  the  southern  railway  of  France,  a  representation  of 
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Fig.  29. 


which  is  given  in  Figs.  29  and  30.  This  bridge,  "built  to  carry  a 
double  track  railway,  has  a  span  of  98-43  feet  in  the  clear,  and  is 
composed  of  three  plate  girders,  the  two  outer  ones  being  each  4-59 
deep,  and  the  intermediate  one  6*56  feet.     Fig.  29  is  a  general  view 

of  the  bridge,  while  the 
details  of  the  method  by 
which  the  ends  are  made 
immovable,  are  shown 
in  Fig.  30.  The  ends  of 
the  girders  are  formed 
with  a  square  return 
downwards,  and  let  into  small  apertures  in  the  abutments  (shoAvn  in 
elevation  and  in  plan  in  Fig.  30)  ;  this  return  is  fastened  by  bolts  to 
Fig.  so.  the  plate,  a  a,  which  bears  against  the  face 

of  the  abutment.  The  effect  of  a  weight 
upon  the  bridge,  acting  through  the  bent 
lever  of  the  return,  is  to  force  the  foot  of 
the  return  towards  the  abutment,  and  con- 
fine the  ends  of  the  girder  by  the  bearing 
of  the  plate  against  the  masonry,  the 
natural  upward  motion  of  the  ends  of  the  girder  being  thus  inge- 
niously changed  to  a  horizontal  motion,  which  is  more  easily 
resisted. 

This  bridge  is  remarkable  for  its  lightness,  and  has  been  much 
admired,  but  there  is  no  provision  made  for  changes  of  temperature, 
and  it  cannot  be  regarded  as  a  complete  success.  In  fact,  the  dif- 
ficulties which  attend  any  method  of  fastening  the  ends  of  a  truss 
become  insuperable  in  metallic  structures  of  large  size,  but  in  a 
bridge  of  several  spans,  much  of  the  advantage  of  immovable  ends 
with  little  of  the  disadvantage,  is  obtained  by  making  the  same  truss 
continuous  through  the  whole  length  of  the  bridge. 

(To  be  continued.) 


Water-Proof  Paper,  which  may  be  used  with  excellent  effect 
in  packing  goods  which  are  likely  to  be  exposed  to  damp  or  rain, 
may  be  prepared  by  treating  strong  unglazed  paper  with  a  mixture 
of  equal  parts  copal  varnish  and  linseed  oil,  with  a  little  litharge  to 
promote  drying.  The  paper  may  either  be  painted  alternately  on 
either  side  with  this  mixture,  or  better,  be  immersed  in  a  shallow 
pan  containing  it  and  drawn  out  over  a  wire  stretched  across  near 
one  end. 
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THE  MISSISSIPPI  BRIDGE.* 

No  engineering  work  at  present  in  progress,  either  in  Europe  or 
in  India,  can  pretend  to  exceed  in  interest  the  noble  steel  arched 
viaduct  designed,  and  already  commenced,  by  Mr.  James  B.  Eads, 
the  Chief  Engineer  of  the  Illinois  and  St.  Louis  Bridge  Company. 
The  able  and  exhaustive  report  which  we  have  been  enabled,  through 
the  courtesy  of  Mr.  Eads,  to  lay  before  our  readers  will  qualify  them 
to  form  their  own  estimate  of  the  difficulties  to  be  surmounted ;  and 
the  detailed  engravings,  which  we  shall  shortly  publish,  will  prove 
to  them  how  carefully  the  various  conflicting  conditions  have  been 
balanced,  and  how  conscientiously  the  several  details  have  been 
worked  out,  so  as  to  secure  the  highest  practicable  degree  of  economy 
consistent  with  the  due  stability  of  the  works. 

In  the  development  of  his  design,  Mr.  Eads  wisely  commenced 
by  making  the  stability  of  his  piers  indisputable.  At  the  point  of 
crossing,  the  true  bed  of  the  river,  of  limestone  rock,  is  overlaid 
with  a  deposit  of  sand,  varying  in  thickness  from  fifteen  feet  to 
about  one  hundred  feet.  There  was  ample  evidence  to  prove  that 
this  deposit  was  scoured  out  to  a  great  depth  in  times  of  flood, 
hence,  to  ensure  the  certain  stability  of  the  piers,  but  one  course 
was  open,  namely,  to  carry  them  down  to  the  rock  itself.  The 
ingenious  method  by  which  this  is  proposed  to  be  accomplished 
will  be  found  detailed  in  the  report  already  published. 

The  massiveness  of  piers  dictated  by  this  condition,  involving  a 
height  of  some  two  hundred  feet  from  base  to  summit,  subject  to 
the  pressure  of  accumulated  ice  and  great  velocity  of  current,  natu- 
rally suggested  the  adoption  of  an  arched  superstructure,  since 
much  less  material  would  be  required  in  such  form  of  bridge  than 
in  any  ordinary  girder,  whilst  at  the  same  time,  in  this  instance,  no 
(!xtra  expense  would  be  incurred  in  the  piers.  At  this  stage,  there- 
fore, the  problem  resolved  itself  into  the  determination  of  the  most 
economical  form  of  arched  superstructure. 

In  a  long  span-bridge,  the  weight  of  the  structure  itself  is  neces- 
sarily a  large  proportion  of  the  gross  load,  and  a  very  little  consid 
eration  will  show  that  from  this  condition  it  follows  that  to  secure 
the  highest  degree  of  economy,  it  will  be  necessary  to  employ  in 
the  construction  the  strongest  material  available  for  the  purpose 
The  advantage  thus  gained  is  much  greater  than  that  indicated  by 
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the  absolute  strength  of  the  several  materials.  Thus,  if  the  strain 
due  to  the  weight  of  the  structure  itself  be  two  and  a  half  tons  per 
square  inch,  whilst  the  limiting  strain  is  fixed  at  five  tons,  there 
will  be  only  two  and  a  half  tons  per  square  inch,  available  for  car- 
rying the  useful  load — that  is  to  say,  if  we  calculate  the  strain  on 
any  member,  independently  of  the  weight  of  the  structure  itself,  we 
must  divide  by  two  and  a  half  tons  for  the  area  in  square  inches. 
If,  on  the  other  hand,  the  limiting  strain  be  twelve  and  a  half  tons 
per  square  inch,  there  will  be  ten  tons  per  square  inch  available  for 
the  useful  load,  hence,  the  sectional  areas  will  be  one-fourth  of  the 
former  amounts,  although  the  material  in  the  latter  instance  is  only 
two  and  a  half  times  as  strong  as  before.  The  economy  resulting 
from  the  employment  of  the  stronger  material  would,  of  course,  be 
still  greater  in  cases  when  the  strain  from  the  structure  itself  is  a 
greater  proportion  of  the  gross  amount. 

The  first  step  taken  by  Mr.  Eads  was,  therefore,  to  obtain  the 
strongest  steel  for  his  work ;  and  for  the  sake  of  economy,  he  pro- 
poses at  present  rolling  his  steel  bars  of  a  wedge  form,  and  fitting 
them  together  in  a  nine-inch  lap  welded  tube,  by  which  they  would 
be  held  together  as  the  staves  of  a  barrel  are  held  by  the  hoops. 
This  arrangement  is,  however,  subject  to  modification,  and  should 
any  deficiency  of  strength  be  exhibited  in  the  tubes  thus  built  up, 
when  under  test  in  the  1,500  ton  machine  now  being  built  for  that 
purpose,  we  may  be  sure  they  will  not  be  introduced  into  the  bridge 
itself. 

Given  the  form  of  bridge,  the  load,  and  the  material,  a  very  im- 
portant and  laborious  portion  of  the  work,  the  determination  of  the 
sectional  areas  of  the  different  members  had  to  be  entered  upon. 
We  are  told  by  Mr.  Eads  that  several  months  of  patient  labor  were 
spent  by  Colonel  Flad  and  Mr.  Pfeifer,  in  the  investigation  of  the 
various  problems  involved;  and  certainly  the  exhaustive  nature  of 
their  report,  which  even  in  its  compressed  form  fills  some  eighty 
pages  with  closely  printed  formulae  and  computations,  exclusive  of 
numerous  complicated  diagrams,  proves  that  no  considerations  of 
personal  labor  were  allowed  to  interfere  with  the  important  work 
confided  to  them,  of  determining,  with  the  highest  attainable  degree 
of  mathematical  accuracy,  the  requisite  proportions  of  the  several 
members  of  the  Mississippi  bridge.  The  final  result  deduced  was 
to  the  effect  that  each  arched  rib,  of  which  there  are  four  in  the 
width  of  the  bridge,  loaded  each  with  one  ton  dead,  and  '8  ton 
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rolling  load,  required  a  sectional  area  of  144  square  inches  between 
points  about  twenty  feet  from  each  abutment.  For  these  twenty 
feet  end  pieces  of  the  ribs,  the  sectional  area  required  to  be  one- 
half  greater,  or  216  square  inches. 

We  are  enabled  to  test  roughly  these  results  of  the  rigid  applica- 
tion of  mathematical  reasoning  by  applying  the  formula)  advanced 
in  a  paper  on  wrought  iron  arches  and  viaducts,  by  B.  B.,  given  in 
an  early  number  of  {Engineering,  Vol.  I.,  page  806.)  We  have  the 
following  data : — 

W  =  total  load  distributed  =  515  feet  X  1-8  tons  =  927  tons. 

r  =  ratio  of  span  to  rise  =  10. 

£?=      "  "     to  depth  of  rib  =  64. 

<  =  compressive  strain  per  square  inch  ^12*5  tons. 

ty  =  ratio  of  total  load  to  rolling  load=225  tons. 

Then  the  area  of  the  rib,  if  of  uniform  section,  will  never  be  less 

than  -—  \  1  -f  -  =  101  square  inches.  With  an  arched  rib  fixed 
at  the  ends,  as  this  one  is,  the  preceding  area  will  have  to  be  mul- 

tiplied  by  the  factor  -^ ^ =1-^^  ^^^  *^^   ^^"^^  ^^   ^^^ 

springing,  assuming  the  temperature  to  be  constant ;  and  for  the 
area  at  the  centre,  under  the  same  conditions,  we  may  take  the  mean 
of  the  two  already  computed.     Hence,  at  springing,  the  area  would 

be  101  X  1*47  =  149  square  inches ;  and  at  centre _ =  125 

square  inches. 

The  range  of  temperature  in  the  case  of  the  Mississippi  bridge 
being  more  than  double  that  assumed  in  the  paper,  from  which  these 
formulae  are  extracted,  the  expression  for  the  influence  of  tempera- 
ture at  the  centre  of  the  arched  rib  will  become — „- — =  114.  At 

o7r 

the  springing,  the  value  will,  as  stated  in  the  paper,  be  one  and  a  quar- 
ter times  that  amount  =  1-43.  Hence,  the  final  areas,  to  include  all 
strains  from  changes  of  temperature  as  well  as  rolling  loads,  will  be : 

At  centre,  125  X  1*14  =  143  square  inches. 

At  springing,  149  X  1*43  =  213  square  inches. 

These  areas  are,  curiously  enough,  in  each  instance  little  more 
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than  a  square  inch  below  those  deduced  from  the  elaborate  investi- 
gations of  the  American  engineers. 

In  one  respect,  however,  the  Mississippi  bridge  differs  essentially 
from  the  ordinary  run  of  arched  bridges,  for  which  the  preceding 
general  formulae  was  designed.  Usually  the  spandril  filling,  even 
if  arranged  vertical  only,  possesses  sufficient  inherent  stiffness,  by 
virtue  of  the  rigidity  of  its  connections  with  the  arched  rib  and 
horizontal  girder,  to  assist  materially  in  preventing  any  distortion 
of  that  member  when  under  strain.  In  the  instance  of  the  Missis- 
sippi bridge  the  spandril  verticals  are  positively  hinged,  so  that  not 
the  slightest  incidental,  support  is  afforded  by  them  to  the  arched 
rib,  the  stability  of  which  is,  consequently,  since  there  is  no  hori- 
zontal girder,  governed  entirely  by  the  self-contained  diagonal 
bracing. 

In  fact,  the  essential  part  of  the  bridge  is  a  curved  rectangular 
beam,  eight  feet  by  forty-four  feet,  the  former  dimension  being  the 
vertical  depth  of  the  bracing,  and  the  other  one  the  distance  apart 
of  the  face  ribs,  which  are  firmly  tied  together  by  horizontal  brac- 
ing. There  can  be  no  question  as  to  the  lateral  stability  of  the 
structure,  but  the  depth  of  vertical  bracing  is  so  small  in  compari- 
son to  the  span — eight  feet  to  five  hundred  and  fifteen  feet — that  it 
is  absolutely  necessary  to  consider  the  question  of  stability  in  that 
direction.  Now,  there  must  obviously  be  some  limit  below  which 
the  depth  of  the  arched  rib  could  not  be  reduced,  even  if  the  load 
were  always  uniformly  distributed,  and  the  mathematical  position 
of  the  centre  of  pressure  corresponded  with  the  centre  line  of  the 
rib.  Thus,  if  the  rib  were  but  six  inches  deep,  it  could  no  more 
maintain  its  form,  for  an  instant,  than  it  would  if  built  of  ropes. 
Why  a  depth  of  eight  feet  should  be  assumed,  as  it  is  in  the  calcu- 
lations, to  afford  perfect  immunity  from  all  disturbing  forces,  we 
are  at  a  loss  to  guess. 

It  appears  to  us  that  an  arched  rib,  per  se,  is  neither  more  nor 
less  than  a  long  column,  and  that  it  should,  consequently,  be  treated 
as  such.  In  a  long  column  of  uniform  cross  section,  subject  to  two 
equal  and  opposite  end  forces  acting  at  the  centre  of  gravity  of  the 
cross  section,  the  unit  strain  would,  mathematically,  be  uniform 
throughout  the  entire  column.  Experiment  proves,  however,  that 
in  consequence  of  variations  in  the  elasticity  of  the  material,  the 
strain  is  in  reality  very  unequally  distributed  over  the  cross  sec- 
tions ;  so  much  so,  that  in  columns  of  certain  length  positive  ten- 
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sion  is  induced  by  a  compressive  force.  Now,  how  it  is  that  in 
calculations  concerning  arched  ribs,  or,  in  other  words,  curved  col- 
umns, the  unit  strain  should  be  assumed  uniform  if  the  mathema- 
tical position  of  the  centre  of  pressure  at  any  point  corresponds 
with  that  of  the  centre  of  gravity  of  the  cross  section  at  the  same 
point,  whilst  in  a  straight  column,  under  similar  conditions,  it  is 
shown  by  experiment  to  differ  so  widely  from  it,  is  not  to  us 
apparent. 

In  the  Mississippi  bridge,  the  least  dimension  of  the  column  is 
about  one-sixty-fourth  of  the  length;  but  on  account  of  the  curva- 
ture of  that  member,  it  is  in  effect,  to  a  certain  extent,  supported 
at  the  centre  of  its  length ;  hence,  the  equivalent  ratio  will  be 
greater  than  the  preceding  fraction.  We  have  not  investigated  the 
question  minutely,  but  theory  appears  to  indicate  that  the  equiva- 
lent ratio  would  be  g'j  X  |/  2  =  Jgth  of  the  length.  If  this  be  so, 
the  elastic  resistance  of  the  steel  to  be  employed  in  the  bridge 
should  have  been  deduced  from  that  of  a  bar  forty-five  inches  long 
by  one  inch  in  diameter,  instead  of  from  that  of  a  bar  twelve  inches 
long  only,  as  appears  to  have  been  done.  We  know  of  no  experi- 
ments on  steel  columns  of  the  former  ratio,  except  some  recent  ones 
by  Kirkaldy,  the  results  of  which  may  not  yet  be  published,  but 
there  are  any  number  of  experiments  on  similar  wrought  iron  col- 
umns on  record,  and  in  no  instance  do  we  remember  the  breaking 
strain  of  either  a  solid  or  hollow  column  being  greater  than  twelve 
and  a  half  tons  per  square  inch,  or  about  one-half  only  the  resist- 
ance a  short  column  of  the  same  material  would  offer.  In  a  steel 
column  the  loss  of  resistance  would  probably  be  smaller  in  pro- 
portion, but  it  would  unquestionably  be  far  too  serious  in  amount 
to  be  neglected  in  the  computations  of  the  strength  of  the  Missis- 
sippi bridge.  We  do  not  mean  to  assert  that,  even  if  the  maximum 
strain  were  twenty-five  per  cent,  greater  than  stated  in  the  report, 
the  bridge  would  not  still  be  perfectly  safe  and  serviceable ;  but,  at 
the  same  time,  we  cannot  account  for  the  omission  of  this  import- 
ant element  in  calculations  so  refined  as  those  instituted  for  the 
determination  of  the  strains  on  that  structure. 

We  cannot  endorse  all  the  statements  advanced  in  the  report  as 
to  the  superior  economy  of  employing  iron  or  steel  in  compression. 
In  fact,  if  the  reasoning  were  sound,  it  would  follow  that  the  resist- 
ance of  a  cylindrical  boiler  flue  to  collapse  would  be  greater  than 
its  resistance  to  a  bursting  pressure.    It  is  well  known,  however, 
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that  even  an  approximation  to  this  condition  would,  in  practice,  be 
attended  with  fatal  results.  The  radius  of  the  arched  rib  of  the 
bridge  we  are  considering  is  about  eighty-four  times  its  depth,  so, 
within  certain  limits,  it  may  be  considered  as  placed  under  similar 
conditions  to  a  cylindrical  flue,  seven  feet  diameter,  constructed  of 
half  inch  steel  plates,  and  subject  to  external  pressure.  The  increased 
resistance  which  such  a  tube  would  offer,  if  properly  stiffened  by 
diaphragms,  is  well  known  to  practical  men,  and  precisely  analogous 
support  would  be  afforded  to  the  arched  rib  if  the  spandrils  were 
properly  braced.  Neglecting  the  element  of  the  long  column,  the 
present  arrangements>would  probably  be  the  most  economical; 
but  if  we  include  that  in  the  consideration,  it  will  be  found  that  the 
increased  strains  from  expansion,  contraction,  and  deflection,  due  to 
the  bracing  of  the  spandrils,  will  be  more  than  counterbalanced  by 
the  increased  resistance  the  arched  rib  could  offer  to  compressive 
strains,  whilst,  at  the  same  time,  the  structure  would  be  far  less 
liable  to  vibration. 

We  have  criticised  thus  freely  the  design  for  the  Mississippi 
bridge,  because  we  are  sure  that  its  originators  have  nothing  to  fear, 
and  desire  nothing  more  than  a  perfect  ventilation  of  the  subject. 
The  entire  process  of  reasoning  by  which  their  conclusions  have 
been  arrived  at  has  been  laid  by  them  before  their  European  breth- 
ren, whose  criticism  is  thus  boldly  challenged.  So  much  talent  and 
perseverance  has  been  already  evinced  that  we  are  confident  no  one 
could  hope  to  find  the  carrying  out  of  this  important  work  in  more 
able  hands.  We  still  think  that  a  somewhat  cheaper  and  more 
easily  erected  bridge  might  be  designed  on  the  cantilever  and  cen- 
tral girder  system,  known  as  Sedley's ;  but,  at  the  same  time,  no 
one  can  doubt  that  the  structure,  as  designed,  would  form  one  of 
the  noblest  monuments  of  the  engineering  skill  of  the  nineteenth 
century. 

PERMANENT  WAY. 

Although  the  Permanent  Way  Company — of  which  nothing, 
we  believe,  has  been  heard  since  the  death  of  Mr.  Charles  May,  in 
I860 — was  often  disparaged  as  a  jobbing  speculation  of  railway 
engineers,  it  really  did  do  something  for  the  good  of  the  so-called 
permanent  way  itself     This  company — a  very  limited  company  in 
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point  of  numbers — knew  how  to  exercise  a  powerful  agency  for 
agitation  in  the  right  quarters ;  it  greatly  promoted  the  general 
adoption  of  the  fish-joint,  and  it  greatly  stimulated  that  kind  of 
permanent  way  scheming,  called  "  invention,"  both  among  the  com- 
pany's own  shareholders  and  among  envious  outsiders,  ambitious  of 
the  possession  of  profitable  patents  of  their  own.  liefjiiiescat  in 
pace. 

The  importance  of  a  further  improvement  of  the  permanent  way 
of  railways  is  too  great  and  too  apparent  to  be  disputed.  It  cannot, 
perhaps,  be  effected  by  a  "company"  of  engineers  or  others — pos- 
sibly not  even  by  the  powerful  aid  of  profitable  patents.  We  are 
not  sure  whether  there  is  such  a  thing  as  patent  earthworks,  patent 
drainage,  and  patent  ballasting.  "Whatever  the  way  may  be,  its 
bed  must  be  upon  mother  earth,  and  as  our  engineers  make  this 
bed  so  must  lie  their  works.  Cannot  somebody  patent  something, 
and  thus  be  able  to  push  his  invention,  which  shall  prevent  this 
bed  from  becoming  so  quickly  tumbled  under  the  unquiet  rest  of 
the  seven  sleepers  (to  each  length  of  rail),  sleepers  whose  rest 
should  be  lifelong,  despite  the  thundering  of  expresses,  mails,  '*  or- 
dinaries," "  ways,"  goods,  and  minerals,  over  their  much  enduring 
necks  and  shins?  Patent  or  no  patent,  our  permanent  way  must 
have  better  bed  and  bedding,  neither  saturated  with  water  nor  pul- 
verulent in  dust ;  a  bed  like  the  operating  table  of  an  hospital,  where 
all  motion  is  well  nigh  impossible. 

Oh,  bed  !  bed  !  bed  !  delicious  bed  ! 
Thut  heiiven  upon  earth  to  the  weary  head, 
Whether  lofty  or  low  its  condition  I 

and  whether  the  Aveary-headed  rail  be  of  steel  or  iron,  double  or 
single-headed,  or  5J  in.  or  3|  in.  "  in  condition "  of  loftiness  or 
abasement. 

Until  we  have  much  better  earthworks,  which,  like  the  founda- 
tions of  a  house,  can  lie  still  and  support  in  perfect  rest  almost  any 
load  brought  upon  them,  we  can  never  have  mathematically  per- 
fect railways,  and  until  we  have  these  we  must  tolerate  that  needless 
and  extravagant  increase  of  resistances  which  attends  any  increase 
of  speed  above  the  lowest  rate  of  motion — an  increase  from  10  lb. 
or  so  per  ton  at  very  slow  speeds  on  a  level,  to  30  lb.  or  40  lb.  at 
60  miles  an  hour.  It  is  idle  to  say  that  we  can  have  no  better  earth- 
works than  we  now  have,  or  that  the  permanent  way  can  rest  no 
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more  quietly  than  it  now  does  even  on  the  best  earthworks.  The 
great  bed  oi  wear  (and  of  tear  as  well)  should  be,  and  might  be, 
almost  as  smooth  as  a  billiard  table,  or  at  any  rate  as  smooth  as 
the  best  macadam  roads  in  the  days  when  stage  coaching  was  in  its 
superlative  glory. 

AVith  the  best  earthwork  and  ballasting  there  must  be  abundant 
bearing  surface  of  the  rails  on  the  sleepers,  and  of  the  sleepers  on 
the  ballast.  Every  permanent  way  engineer  knows  that  the  bearing 
surface  is  now  insufficient  to  prevent  the  rails  from  notching  upon 
the  chairs,  the  chairs  from  bedding  themselves  in  the  sleepers — 
sometimes  half  way  through — and  the  sleepers  from  churning  the 
ballast.  Mr.  Fowler  has  long  since  abandoned  the  double  headed 
rail,  with  its  costly  accessories  of  chairs,  keys,  and  treenails,  and 
adopted  a  Vignoles  rail  with  a  base  nearly  6|  in.  wide,  which  is 
fastened  to  the  sleepers  by  screw  bolts.  Nothing  but  a  rail  of  such 
proportions  would  ever  stand  the  tremendous  wear  of  the  Metro- 
politan Railway  traffic,  and  nothing  but  flat-footed  rails,  with  bot- 
tom flanges  as  wide  as  can  be  rolled,  say,  up  to  9  in.,  supported  on 
sleepers  a  foot  wide,  8  in.  thick,  and  only  2  feet  3  in.  apart  centres, 
will  suffice  for  the  heaviest  traffic  soon  likely  to  come  upon  our 
first  class  railways.  Thicker  sleepers  will  permit  the  use  of  longer 
sleepers,  without  losing  the  available  bearing  now  lost  in  conse- 
quence of  the  springing  of  sleepers  only  5  in.  thick.  Sleepers  9  ft. 
long,  10  in.  wide,  and  3  ft.  apart  centres,  give  13,200  square  feet  of 
bearing  upon  the  ballast  in  a  mile  of  single  way.  Sleepers  10  ft. 
long,  12  in.  wide,  and  2  ft.  3  in.  apart  centres,  would  give  23,466 
square  feet,  or  nearly  twice  as  much.  This  width  and  closeness  of 
sleepers  would  not  prevent  the  proper  packing  of  the  ballast,  and 
it  would  permit  of  the  use  of  engines  of  from  50  tons  to  75  tons 
weight — engines  which  must  yet  become  general,  not  so  much  be- 
cause of  the  probable  increase  of  traffic  as  from  the  greater  economy 
of  heavy  engines  where  the  permanent  way  is  such  as  to  bear  their 
weight.  On  land  and  in  steamships  there  is  no  limit  to  the  size  of 
engines,  merely  because  the  foundations  are  good ;  and  were  the 
foundations  of  the  permanent  way  what  they  ought  to  be,  and  were 
its  own  structure  correspondingly  strong,  there  is  no  reason  why  100 
ton  locomotives  should  not  become  as  common  as  were  10  ton  en- 
gines in  the  days  of  George  Stephenson's  earlier  practice. 

But  without  steel  rails  there  could  have  been  no  great  improve- 
ment in  the  construction  of  permanent  way.     Had  they  been  the 
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subject  of  a  patent,  not  of  a  "  non-professional,"  or,  in  other  words, 
of  a  non-raihvaj,  man,  but  owned  by  a  permanent  way  company  of 
the  character  of  that  of  fifteen  years  ago — "  good  lord  !"  as  Captain 
Cuttle  observed  of  Sol  Gill's  suppositious  clock,  "  how  that  rail 
would  go  !"  As  it  is,  railway  companies  have  bought  (or  made), 
and  laid  down  a  few  hundred  tons  of  it,  almost  upon  compulsion, 
or,  in  other  words,  because  they  could  not  well  do  without  it,  grum- 
bling, meanwhile,  through  their  officers,  that  a  rail  from  five  to  ten 
times  as  good  as  iron  could  not  be  supplied  at  the  same  money. 
There  are  many  high  minded  railway  engineers  upon  whom  we 
would  on  no  account  cast  the  least  word  of  aspersion,  but  there  are 
other  engineers,  too  well  known,  who  will  "  take  up"  nothing  out 
of  which  they  can  make  nothing — gentlemen  whose  sole  motto 
would  appear  to  be  ex  nihilo  nihil  fit,  unless  it  be  in  plain  English, 
"  palm  oil."  But  like  the  steam  engine,  the  spinning  mill,  the  hot 
blast,  the  locomotive  engine,  ocean  steam  navigation,  the  electric 
telegraph,  and  submarine  telegraphs,  the  steel  rail  had  its  seven 
years  of  probation,  and  it  came  out  of  them  well.  It  has  proved 
itself  to  be  incomparably  safer  than  iron ;  from  five  to  twenty-five 
times  as  durable  ;  to  make  a  better  and  smoother  way,  offering  less 
resistance  to  traction,  and  to  permit  of  the  use  of  still  heavier  en- 
gines, the  very  heaviest  locomotives  which  the  permanent  way  will 
bear  without  undue  injury  or  wear,  being  always  the  most  econo- 
mical. The  steel  rail  has  done,  to  a  considerable  extent,  for  the 
permanent  way  what  the  steel  tyre  has  done  for  the  rolling  stock, 
and  on  all  very  hard  worked  lines,  such  as  the  railways  in  and  sur- 
rounding London,  both  are  indispensable.  The  Metropolitan  and 
North  London  railways  could  now  hardly  be  worked  at  all  with 
iron  rails  and  tyres,  of  however  good  (|uality.  "  Converted"  iron 
rails,  or  rails  case-hardened  at  the  top  by  Dodd's  process,  steel- 
headed  rails  and  "  puddled  steel"  rails,  tl^e  latter  a  variable  and 
irregular  compound  of  cast  and  wrought  iron,  have  been  put  to  the 
test  and  failed,  until  now  steel  and  steel  only  is  tolerated.  And  yet 
we  have  engineers  at  work,  figuring  equations  in  compound  inte- 
rest upon  the  cost  of  iron  and  steel  rails  respectively,  as  if  the  latter 
had  nothing  but  their  greater  durability  to  recommend  them,  en- 
gineers to  whom  all  rails  would  appear  to  bo  equally  safe,  all  rails, 
of  whatever  material,  equally  smooth  and  stiff  in  respect  of  the  re- 
sistances to  traction,  and  engineers,  who  recommend  waiting  for 
another  year,  until  the  steel  rail  patent  has  expired,  well  knowing 
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that  with  the  growing  improvement  in  trade,  the  increasing  compe- 
tition for  hematic  iron,  Durham  coke  and  spiegelesein — these  being 
the  elements  of  the  steel  rail  manufacture — and  that  with  the  heavy 
demand  which  must  soon  arise  for  steel  rails,  wherever  railroads 
are,  their  price  is  certain  to  increase  by  more  than  any  possible 
diminution  due  to  the  removal  of  the  royalty.  In  France  and 
America  all  the  great  lines  are  being  rapidly  laid  in  steel,  not  only 
on  the  score  of  economy,  but  as  a  safeguard  against  the  accidents 
which  were  constantly  happening,  and  which  occasionally  happen 
here  from  the  breaking  of  iron  rails. 

Eailway  engineers  and  railway  companies  must  and  will  learn 
that  upon  the  perfectio\i  of  the  way  depends  the  highest  working 
economy.  After  expending  millions  in  Parliamentary  struggles, 
millions  for  compensation,  millions  upon  earthworks,  colossal 
bridges  and  viaducts,  tunnels  by  the  mile,  stations  of  the  grandest 
dimensions  and  of  superb  architecture,  and  millions  for  costly  loco- 
motive and  carriage  stock,  the  question  of  a  few  thousand  pounds 
more  or  less  per  mile  for  first-class  permanent  way  is  not  one  upon 
which  true  economy  in  working  and  in  maintenance  can  be  sacri- 
ficed. There  are  railways  enough  which  have  cost  their  £100,000 
or  more  per  mile,  and  plenty  that  have  cost  £50,000,  whereas  the 
difference  between  the  cost  of  a  really  good  as  compared  with  an 
ordinary  permanent  way — the  platform  upon  which  all  the  func- 
tions of  a  railway  are  really  discharged — need  not  exceed  £3000 
per  mile. 


BELTING  FACTS  AND  FIGURES  NO.  II. 

By  J.  H.  Cooper. 
(Continued  from  page  244  ) 

Tensile  Strength  of  Belts. 

"  From  various  experiments,  the  absolute  strength  of  ordinary 
belting  leather  is  found  to  be  3860  pounds  to  the  square  inch  of 
cross- section." — Sci.  Amer.,  February,  1860.     8-1. 

E.  G.  Carlyle,  in  Sci.  Amer.,  July  1866,  p.  35,  gives  the  follow- 
ing results  of  actual  e'xperiments  made  by  him :  "  Mean  breaking 
tensile  strain  of  five  experiments  with  leather  belts,  j'g -inch  thick, 
and  1  inch  wide,  652  pounds.  Reduced  to  |-inch  wide  at  place  of 
rupture." 
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Mean  of  five  experiments  witli  leather  belts  ^'g-incli  thick  and  2 
inches  wide,  1077  pounds.  Reduced  to  1|  inch  Avide  at  place  of 
rupture.     Fracture  commencing  at  the  edges. 

Mean  of  three  experiments  with  leather  belts  y'g  inch  X  3  inch, 
1522  pounds.     Reduced  to  2  J  inches  Avide  at  place  of  rupture. 

Mean  of  all  per  square  inch  of  section,  28-16'4  pounds. 

"  Mean  breaking  strain,  five  experiments,  of  'three-ply'  cotton- 
filled  rubber-belts,  2  inches  wide,  1211  pounds.  Did  not  contract 
perceptibly,  and  broke  all  at  once,  emitting  a  perceptible  smell  of 
rubber." 

Mean  of  five  experiments  with  3-inch  rubber  belting,  1763 
pounds. 

"  Experiments  in  great  number  were  made  with  lacing,  of  various 
widths  and  thicknesses,  but  the  result  varied  so  much — no  two  being 
at  all  alike — and  very  much  appeared  to  depend  on  the  part  of  the 
skin  from  which  the  thong  was  cut.  For  instance,  in  some  cases,  a 
thong  from  near  the  back  bone  had  four  times  the  strength  of  that 
from  other  parts,  so  I  could  get  no  data  that  was  worth  noting." 

"  The  next  experiments  were  made  to  determine  the  weakening 
effect  of  punching  belts  for  the  lacing,  and  the  results  proved  that 
the  belt  was  weakened  to  the  extent  of  the  sum  of  the  diameters  of 
the  holes,  if  they  were  in  a  straight  line  across  the  belt," 

"  The  diagram  here  given  Avill  show  the  position  of  the  holes  in 
the  belt  which  gave  the  very  best  results,  as  its  cross- 
section  is  only  weakened  by  two  holes  in  any  place. 
A  B  was  not  cut,  and  c  D  was  the  invariable  line  of 
fracture,  which  first  began  at  the  edges,  found  assist- 
ance at  the  nearest  holes  to  the  edges,  and  continued 
across  on  the  same  line." 

*'  From  these  trials,  it  can  be  seen  that  oval  punches 
would  be  much  superior  to  any  other,  as  they  would 
cut  away  less  of  the  cross-section  of  the  belt,  and  still  give  ample 
space  for  the  lacing." 

*'  The  next  experiments  were  made  with  belts  punched  as  in  the 
above  diagram,  but  cut  through  the  line  a  b,  and  then  laced  in  a 
secure  manner,  results  as  follows:  "  In  leather  belts,  tearing  began 
at  the  holes  at  |ths  of  the  breaking  strain,  and  continued  on  until 
the  lacing  tore  out  at  the  end  holes,  when  the  rest  went  suddenly." 

"  In  leather  belts,  after  being  subjected  to  one-half  of  the  breaking 
strain  for  twenty -four  hours,  a  slight  addition  to  the  weight  caused 
Vol.  LVI.— Tuird  Series.— No.  5.— November,  1868.  41 
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them  to  tear  at  the  holes,  which,  after  commencing,  proceeded 
rapidl}^,  until  the  end  holes  tore  out,  when  it  went  as  before.  After 
being  subjected  to  one-half  of  the  breaking  strain  for  forty-five 
hours,  it  went  as  before  stated.  They  stood  one-third  of  the  break- 
ing strain  for  one  week,  and  at  the  end  of  that  time  showed  no  signs 
of  fracture." 

"In  rubber-belts,  tearing  began  at  one-third  of  the  breaking 
strain.  They  stood  one-fourth  for  twenty-four  hours,  but  tore  on  a 
slight  addition  of  weight.  They  stood  one-eighth  for  one  week, 
without  showing  any  signs  of  fracture.  Ey  eletting  the  holes  brought 
the  standing  point  up  Ho  that  of  leather  belting,  the  clinching  of 
the  ej-elets  on  the  cotton  fibre  or  filling  reducing  the  tendency  to 
tear.  I  think  that  large  oval  eyelets  would  materially  improve  the 
fastening  of  such  belts,  particularly  if  the  eyelets  had  large  flanches 
so  as  to  grasp  or  confine  the  material.  They  also  operat-e  well  with 
leather  belting,  as  their  action  is  to  distribute  the  strain  all  round 
the  circumference  of  their  holes,  which  is  not  the  case  without  them, 
only  a  portion  of  the  hole  then  receiving  the  strain.  They  likewise 
take  from  the  belt  the  rubbing  action  of  the  lacing  in  rendering 
through  the  holes,  which  must  have  some  effect  on  the  portions  in 
contact,  as  no  belt  can  be  laced  so  that  the  lacing  will  not  render 
to  some  extent,  saying  nothing  about  the  action  of  the  same  in  the 
passage  over  pulleys,  especially  those  of  small  diameter,  where  the 
action  is  continuous  while  in  use  transmitting  power.  My  experi- 
ments with  eyelets  were  not  as  satisfactory  to  me  as  I  could  have 
v/ished,  as  I  was  unable  to  carry  them  to  any  great  extent ;  after 
so  favorable  results,  on  account  of  uot  being  able  to  get  them  sufii- 
ciently  large  to  take  the  lacing.  I  am  confident  that  if  I  could  have 
got  them  large  enough  and  of  oval  shape,  that  I  could  have  tested 
the  belts  up  to  very  near  their  breaking  strain,  I  think  that  eyelets 
made  expressly  for  the  purpose  would  materially  increase  the  dura- 
tion of  belting." 

"  I  lately  made  a  series  of  experiments  to  ascertain  facts  govern- 
ing the  transmission  of  power  by  pulleys  with  belts."  The  appa- 
ratus consisted  of  pulleys  of  different  sizes  fixed  in  position  with 
axes  horizontal. 

The  pulleys  used  were  of  cast  iron,  having  slightly  rounded  and 
smoothly  turned  faces ;  over  the  pulleys  different  belts  were  laid, 
and  to  the  pendent  ends  certain  weights  were  hung. 

"  The  trials  were  to  be  certain  weights  put  on  the  ends  of  certain 
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sized  belts,  when  a  preponderance  would  be  put  on  one  side  until 
a  perceptible  motion  occurred,  when  the  whole  was  noted." 
"  The  following  table  will  give  the  facts  as  they  were  taken : — 

TABLE  "A." 
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"  The  deductions  to  be  made  from  the  above  results  are,  that  the 
adhesion  of  any  belt  on  a  pulley  is  directly  as  the  tension,  and  not 
as  the  surface  in  contact,  for  the  same  results  invariably  attended 
the  same  tension,  whether  the  belt  was  double  the  width,  or  the 
pulley  double  the  diameter,  or  both.'' 

Eubber  belting  adhered  better  than  leather  with  the  same  ten- 
sion ;  this  was  particularly  the  case  when  belting,  which  was  worn 
and  glazed  somewhat  on  the  bearing  side  by  use,  was  tried. 
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New  belting  did  not  give  good  results,  and  a  great  deal  seemed 
to  depend  on  the  condition  of  the  belt  tried.  This  was  not  so  much 
the  case  with  leather  belting,  which  was  more  uniform  in  the  results; 
new  belting  gave  very  near  the  same  result  as  old  belting  "  not 
oummed  up,"  for  the  more  it  was  gummed  the  better  was  the 
adhesion.       *******_ 

"  From  my  experiments  I  made  up  certain  rules  for  practice  in 
all  cases,  as  I  was  able  to  bring  the  elements  down  to  a  fixed  basis. 
Since  doing  so,  I  have  never  made  a  single  failure,  besides  being 
able  to  increase  the  durability  of  the  parts  liable  to  wear,  by  really 
knowing  what  they  were  subjected  to,  and  what  could  be  demanded 
of  them." 

"  The  following  are  my  rules  and  practice : — 
"  I  always  put  the  side  of  the  belt  which  transmits  the  power  on 
the  bottom,  when  the  power  is  given  out  horizontally;  in  that 
position,  the  slack  side  is  where  it  should  be — on  the  top ;  where 
the  tightener — if  one  is  used — should  be.  If  power  is  transmitted 
vertically,  I  always  put  a  swinging  tightener  on  the  slack  side, 
which  operates  by  falling  towards  a  horizontal  position." 

"  I  submit  belts  to  50  pounds  per  inch  of  width,  of  tension,  which 
is  made  up  of  the  power  to  be  transmitted  and  their  own  weight. 
AVhere  the  distance  between  centers  of  pullej's  give  sufficient  ten- 
sion, no  tighteners  are  used.  "Where  they  are  too  close  together, 
I  use  tighteners — no  curve  on  their  face — of  as  large  diameter  as 
is  convenient.  I  count  on  getting  20  pounds  of  adhesion  from  50 
pounds  of  tension  in  all  cases." 

"  I  count  the  power  to  be  transmitted  as  so  many  pounds  at  the 
end  of  a  lever,  of  the  length  of  the  radius  of  the  pulley — the  velo- 
city being  in  the  calculation  by  which  the  number  of  pounds  were 
got — and  divide  the  number  of  pounds  by  20,  the  adhesion,  for  the 
width  of  the  belt  in  inches.  I  then  see  if  the  distance  between 
centers  will  give  the  necessary  tension  to  make  the  first  calculation 
good,  if  not,  the  remedy  is  a  tightener,  if  the  distance  cannot  be 
increased.  If  the  width  of  belt  got  by  these  means  is  too  great, 
then  the  diameter  of  the  pulley — or  the  radius,  which  is  the  same — 
must  be  increased ;  by  doing  so,  the  number  of  pounds  to  be  trans- 
mitted at  the  end  of  the  lever  is  diminished,  I  again  divide  by  20  ; 
and  if  the  width  is  again  too  great,  I  again  increase  the  lever  until 
I  get  it  down  to  what  I  want  it ;  and  the  whole  proceeding  is  as 
certain  as  it  is  simple." — R.  G.  C.  in  Sci.  Amer.,  July,  1866,  p.  51. 
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Material. 

"  There  is  nothing  like  leather  for  straps." 

"  In  regard  to  purchasing  belting,  I  believe  that  the  best  white 
oak  tanned  leather  will  be  found  50  per  cent,  the  cheapest  in  the 
end,  and  my  mode  of  preparing  a  new  belt  is  to  soak  it  for  about 
ten  minutes  in  water,  then  let  it  dry  fifteen  minutes,  then  brush  it 
over  two  or  three  times  with  neat's  foot  oil.  "When  it  is  well  dried, 
I  put  on  the  belt,  and  oil  it  once  in  two  months  in  cold  weather, 
and  once  a  month  in  warm." — P.  in  Sci.  Amer.,  March,  1860,  p.  150, 

Treatment  of  Leather  for  Belts. 

"  I  stuff  my  belts  with  a  composition  of  two  pounds  of  tallow, 
one  pound  of  bag-berry  tallow,  and  one  pound  of  beeswax,  heated 
to  the  boiling  point,  and  applied  directly  to  both  sides  by  a  brush, 
after  which  the  belts  are  held  close  to  a  red-hot  plate  to  soak  the 
beeswax  in,  which  does  not  enter  the  pores  of  the  leather  from  the 
brush." 

"  Care  must  be  taken  to  have  the  leather  perfectly  dry  to  pre- 
vent burning.  I  placed  a  kettle  of  the  composition  over  a  black 
smith's  fire,  and  after  melting  it,  I  put  in  a  coil  of  two-inch  belting 
about  sixteen  feet  long,  and  boiled  it  forty-five  minutes  in  the  great- 
est degree  of  heat  I  could  produce  by  blowing  the  fire  continually, 
and  the  belt  when  taken  out  was  not  in  the  least  injured  by  the 
heat  of  the  composition.  I  then  tried  a  piece  of  belting  damped  with 
water,  and  found  it  burnt  and  crisped  in  less  than  half  a  minute," 

"  The  application  of  neat's  foot  oil  to  belts,  opens  the  pores  of  the 
leather  and  destroys  the  adhesion  of  its  parts,  and  in  a  very  short 
time  renders  it  flaccid  and  rotten,  and  a  belt  will  not  last  half  so 
long  stuffed  with  oil  as  with  the  composition  above  named.  Belts 
stufted  with  the  composition  are  impervious  to  water,  and  will  run 
well  for  six  months." — J.  11.  B.  Frank.  Lis.  Jour.^  Juno  1837,  p.  -457. 

To  keep  leather  belts  in  good  condition,  I  have  never  found  any- 
thing equal  to  fish  oil  mixed  with  the  spent  grease  of  journal  box- 
pans." — C.  G,  in  Sci.  Amer.,  April,  1859, 
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"When  a  belt  gets  harsh  or  dry,  neat's  foot  oil  is  the  best  thing 
to  apply  to  it." — Sci.  Amer.,  January  1868,  p.  55. 

"  Use  neat's  foot  oil  once  a  -week,  will  give  regular  speed,  and  last 
double  the  time.  Experience  has  established  the  correctness  of 
placing  the  smooth  side  of  the  belt  next  the  drum  or  pulley." — H. 
M.  in  Sci.  Amer.,  June,  1848,  p.  326. 

Condition  of  Belts. 

"  Soft  and  pliable  belts  have  three  times  the  adhesiveness  of  those 
made  from  the  same  leather,  but  which  are  hard  and  stifi'." 

"  It  is  generally  reckoned  that  from  1  to  2*2  per  cent,  of  the 
power  communicated  is  lost  by  the  stiffness  of  a  leather  belt." 

Slipping  Tendency. 

Three  pulleys  were  fixed  on  an  immovable  shaft ;  one  was  a 
smooth  iron  pulley,  like  those  in  common  use,  one  was  covered  with 
leather,  and  one  with  gum.  A  3-inch  leather  belt  about  7  feet  long, 
was  thrown  over  the  iron  pulley  with  thirty-two  pounds  on  each 
end  to  give  adhesion.  It  was  found  by  experiment  that  forty-eight 
pounds  additional  on  one  side  were  required  to  produce  slippage. 
Sixty -four  pounds  additional  when  on  the  leather-covered  pulley, 
and  128  pounds  additional  when  on  the  gum -covered  pulley. 

A  3-inch  vulcanized  belt  under  similar  treatment,  gave  the  fol- 
lowing result :  90  pounds  on  the  iron  pulley,  128  on  the  leather, 
and  183  on  the  rubber. 

For  record  of  experiments,  see  Sci.  Amer.,  March,  1859,  216. 

This  record  is  unfortunate,  in  not  giving  the  diameter  of  pulleys, 
nor  the  condition  of  the  several  belts  used.  The  leather  belt  is 
spoken  of  as  being  of  "  good  quality,"  but  there  is  a  vast  difference 
between  simply  the  quality  of  the  leather  and  the  condition  of  a 
belt  with  reference  to  its  tendency  to  slip. 

It  is  not  adhesion  alone  we  want  to  prove  the  better  belt ;  beyond 
a  certain  amount  it  is  rather  an  injury  to  the  belt  than  an  advantage 
in  its  use ;  for  slippage  is  to  be  preferred  to  abrasion,  when  rapid 
destruction  of  the  belt  would  result  from  the  closeness  of  its  strik- 
ing ;  an  infirmity  to  w^hich  rubber  belts  are  liable. 

(To  be  continued.) 
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THE  SUGAR  INS^CT-ACARUS  SACCHARI-FOUND  IN  RAW  SUGAR. 

By  Robert  Xiccol,  Esq.* 

Eaw  sugar  should  never  be  used  for  dietetic  or  domestic  purpo- 
ses; because  it  contains  organic  impurities;  and  more  especially 
immense  numbers  of  disgusting-looking  insects,  termed  the  "  Sugar 
Insect " — found  to  be  invariably  present  in  raw  or  unrefined  sugar. 
This  insect  is  known  by  scientific  men  as  the  Acarus  Succhari;  and 
when  seen  by  the  aid  of  a  microscope,  is  found  very  much  to  re- 
semble the  sea-crab  in  its  appearance. — Seethe  accompanying  engra- 
ving, which  represents  the  insect  as  magnified  to  about  200  dia- 
meters. 

No  one,  indeed,  who  has  seen  the  filth  and  gross  impurities  ex- 
tracted from  the  raw  sugar  in  a  refinery,  could  ever  after  use  any- 
thing but  the  refined  article.  Pure  sugar  is,  indeed,  almost  as 
desirable  an  article  of  food  as  pure  water;  and  all  should  be 
anxious  to  sub.stitute  the  refined  for  the  raw  material.  Bad  water 
and  raw  sugar  abound  in  animalcules  and  vegetable  impurities; 
but  pure  water  and  refined  sugar  are  free  from  such.  There  aro 
many  grocers  who  sell  raw  sugar  under  the  notion  that  it  is  more 
economical  to  their  customers  than  the  refined  article;  and  the 
latter  parties  (unaware  of  anything  to  the  contrary)  readily  pur- 
chase the  commodity  under  this  impression.  This  is,  however,  a 
great  mistake,  which  requires  to  be  at  once  corrected.  The  finest 
qualities  of  raw  sugar  do  invariably  contain  very  gross  impurities  ; 
but  the  cheapest  kind  of  refined  sugar  is  perfectly  pure  and  whole- 
some in  every  respect ;  and  it  can  be  obtained  at  the  grocer's  shop 
at  as  reasonable  a  price  as  the  raw  material — the  refined  article  be- 
ing invariably  found  to  be  genuine,  in  so  far  at  least  as  its  purity 
and  wholesome  qualities  are  concerned.  This,  let  it  be  observed, 
is  no  mere  hai)ha%ard  as.sertion  ;  for  it  is  founded  on  fact:  and  the 
writer  submits  the  following  in  proof  of  what  he  now  states. 

The  following  are  extracts  from  a  pamphlet  on  the  subject  by 
Professor  Cameron,  of  Dublin  : — 

*  From  an  Essiiy  on  Sugar  and  Sugar  Refining.    Edinburgh :  Published  by 
Williams  &  Norgate. 
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"In  my  capacity  of  public  analyst  for  tlie  city  of  Dublin,  I  bave 
bad  occasion  to  examine,  more  or  less  minutely,  nearly  one  bun- 
dred  and  fifty  specimens  of  sugar,  in  quality  varying  from  tbe  purest 
wbite  to  tbe  darkest  brown.  Tbe  greater  number  of  tbese  samples 
"svere  perfectly  genuine :  some  were  of  ratber  indifferent  quality : 
and  tbe  rest — about  fifteen — were  so  impure  as  to  be  quite  unfit  for 
use:  tbey  abounded  in  organic  filtb,  and  contained  great  numbers 
of  disgusting  insects.  All  tbe  samples  of  very  inferior  sugar  were 
of  tbe  kind  known  as  raw ;  and  in  no  instance  did  1  detect  in  tbe 
refined  article  tbe  sligbtest  trace  of  any  substance  injurious  to  tbe 
bealtb  or  repugnant  to^tbe  feelings.  Witb  sucb  facts  as  tbese  before 
me,  and  writing  in  tbe  interest  of  tbe  consumer,  I  advocate  tbe  ex- 
clusive use  of  refined  sugar.  I  unbesitatingly  assert  tbat  no  one  wbo 
pays  any  attention  to  tbe  purity  of  bis  food,  aware  of  tbe  nature  of 
the  impurities  so  frequently  abounding  in  tbe  raw  article,  could, 
without  a  feeling  of  loathing,  make  use  of  it.  If,  then,  the  exclu- 
sive use  of  sugar  be  a  desideratum,  it  is  not  less  desirable  tbat  tbose 
who  are  engaged  in  the  manufacture  of  that  article  should  receive 
due  encouragement,  consistent,  of  course,  with  tbe  principles  of  free 
trade,  from  tbe  governing  bodies.  But  it  will  hardly  be  credited 
by  tbose  not  well  informed  on  the  subject  of  our  national  finances, 
that  tbe  present  method  of  levying  tbe  duty  upon  sugar  is  needlessly 
inimical  to  tbe  Britisb  refiner.  It  is  so  arranged  tbat  it  obliges  the 
planter  to  attempt,  under  the  most  adverse  conditions,  the  refine- 
ment of  sugar :  it  compels  the  Britisb  refiner  to  purchase  tbe  semi- 
purified  article,  and  to  undo  all  tbat  tbe  colonial  refiner  had  done ; 
and,  finally,  it  makes  tbe  low  class  sugar  consumed  by  tbe  poorer 
classes  pay  more  duty,  in  proportion  to  tbe  pure  sugar  present,  than 
the  superior  article  wbicb  is  purchased  by  tbe  middle  and  upper 
classes.  The  use  of  raw  sugar  is  rapidly  on  tbe  decline,  and  I  ven- 
ture to  hope  that  the  publication  of  this  little  treatise  will  aid  to 
utterly  extinguish  it.  Should  its  pages  be  glanced  over  by  any  in- 
fluential member  of  tbe  Legislature,  I  trust  it  may  be  tbe  means  of 
inducing  liim  to  turn  bis  attention  to  the  present  anomalous  method 
of  levying  the  sugar  duty,  witb  a  view  to  its  early  reformation. 

"  The  insects  found  in  sugar  are  Beetles  and  Acari,  or  mites.  The 
beetles,  wbicb  are  more  familiarly  known  to  the  sugar  dealers  than 
to  the  general  public,  may  frequently  be  seen  running  nimbly  along 
tbe  tables  in  the  sugar  warerooms.  Tbe  Acari  are  minute  insects, 
and  do  not  attract  attention.     There  are  several  kinds  of  Acari :  tbe 
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clieese  mite,  the  insect  found  in  partially  decomposed  flour,  and  the 
minute  parasite,  which,  by  burrowing  beneath  the  skin,  produces 
the  disease  termed  the  itch — are  all  different  varieties  of  Acari. 
The  mite  found  in  raw  sugar  is  termed  the  Acarus  sacchari,  or  Sugar 
Insect :  its  shape  is  very  accurately  shown  in  the  accompanying 
engravings — Fig.  1  representing  the  under  side,  and  Fig.  2  the  upper 
side  of  the  insect.* 

"The  Acarus  sacchari  is  a  formidably  organized,  exceedingly 
lively,  and  decidedly  ugly,  little  animal.  From  its  oval-shaped 
body,  stretches  forth  a  proboscis  terminating  in  a  kind  of  scissors, 
with  which  it  seizes  upon  its  food.  Its  organs  of  locomotion  con- 
sist of  eight  legs,  each  jointed  and  furnished  at  its  extremity  with 
a  hook.  In  the  sugar  its  movements  from  one  place  to  another 
are  necessarily  very  slow,  but  when  placed  on  a'perfectly  clean  and 
dry  surface  it  moves  along  with  great  rapidity.  It  has  been  stated 
that  the  Acarus  scahiei,  or  itch  insect,  possesses  the  power  of  leap- 
ing, but  all  my  attempts  to  induce  the  Acarus  sacchari  to  make  a 
jump  failed,  although  it  was  placed  in  the  most  favorable  positions 
for  the  performance  of  such  a  feat. 

"  The  disease  termed  j^sora,  or  scabies  by  medical  men,  but  more 
popularly  known  by  the  expressive  designation  of  the  '  itch,'  is,  I 
venture  to  hope,  only  known  by  name  to  my  readers.  It  is,  I  ad- 
mit, not  a  nice  theme  to  discourse  upon,  more  especially  in  connec- 
tion with  such  a  subject  as  sugar;  but  as  this  malady  and  its  cause 
are  intimately  connected  with  my  objection  to  the  use  of  raw  sugar 
as  food,  I  cannot  avoid — even  at  the  risk  of  offending  the  sensibili- 
ties of  some  of  my  readers — alluding  to  them.  So  early  as  the 
twelfth  century,  an  Arabian  physician,  named  Abinzoar,  observed 
that  a  skin  disease  was  produced  by  the  ravages  of  little  insects. 
They  burrowed,  he  says,  beneath  the  skin  of  the  hands,  legs  and 
feet,  and  produced  pustles,  containing  fluid.  From  the  description 
of  these  insects  given  by  Abinzoar,  it  is  r|uite  evident  that  they  were 
not  '  little  lice,'  as  he  terms  them,  but  a  species  of  mite,  or  Acarus. 
The  same  kind  of  insect  was  noticed  some  centuries  afterwards  by 
many  distinguished  physicians  and  naturalists,  one  of  whom,  named 
Bonomo,  described  it  by  the  aid  of  a  drawing,  in  the  3'ear  1083. 
The  itch,  then,  is  proved  to  be  produced  by  this  Acarus  making 

*  For  this  engraving  of  the  sugar  insoct  the  author  is  much  indebted  to  Alfred 
Fryer,  Esq.,  of  tiic  well-known  firm  of  Fryer,  Benson  &,  Forsler,  sugar  relincrs, 
Blanches  ter. 
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burrows  beneath  the  skin,  and  depositing  tlierein  its  eggs;  and 
hence  the  insect  has  been  named  the  Acarus  scahiei,  or  scab  mite. 
Mange  in  horses,  cattle  and  dogs,  and  scab  in  sheep,  are  essentially 
the  same  disease  as  itch  in  man.  As  a  general  rule  the  persons 
most  liable  to  be  prej^ed  upon  by  the  Acarus  scahiei  belong  to  the 
lower  classes — in  fact,  are  members  of  the  '  great  unwashed'  family : 
the  disease  is  very  rare  amongst  the  middle  and  upper  ranks,  and, 
indeed,  wherever  the  abundant  use  of  soap  and  of  clean  linen  pre- 
vails. Now,  it  is  a  note-worthy  fact,  that  grocers'  assistants  and 
sugar  warehouse-men  are  peculiarly  liable  to  a  kind  of  itch  wiiich 
affects  their  hands  and  wrists,  but  does  not  extend  to  any  other  part. 
These  persons  are  usually  of  cleanly  habits,  and  do  not  belong  to 
the  classes  amongst  whom  the  ordinary  itch  is  so  prevalent;  there 
is,  therefore,  but  one  way  of  accounting  for  their  tendency  to  con- 
tract that  disease — namely,  that  the  Acarus  sacchari,  having,  like 
its  congener,  the  Acarus  scahiei,  burrowing  propensities,  bores  into 
their  skin,  and  breeds  there.  The  two  kinds  of  Acari  resemble 
each  other  very  closel}'^,*  but  the  sugar  insect  appears  to  be  the 
larger  and  more  formidable.  So  common  is  this  pustulous  disease 
amongst  persons  engaged  in  the  'handling'  [i.  e.  mixing)  of  sugar, 
that  it  has  been  termed  the  '  grocer's  itch ;'  but  I  doubt  very  much 
that  it  differs  in  any  specific  respect  from  the  ordinary  variety  of 
that  nasty  complaint.  My  colleague.  Dr.  Symcs,  surgeon  to  Dr. 
Steevens'  Hospital,  assures  me  that  persons  suffering  from  '  grocer's 
itch '  are  always  to  be  found  amongst  the  extern  patients  treated  at 
that  institution. 

The  number  of  Acari  found  in  raw  sugar  is  sometimes  exceed- 
ingly great,  and  in  no  instance  is  the  article  quite  free  from  either 
the  insects  or  their  ova  (eggs).  Dr.  Hassall  (who  was  the  first  to 
notice  their  general  occurrence  in  the  raw  sugar  sold  in  London,) 
found  them  in  a  living  state  in  no  fewer  than  69  out  of  72  samples. 
He  did  not  detect  them  in  a  single  specimen  of  refined  sugar.  The 
results  of  my  examination  of  the  sugar  sold  in  Dublin  coincided 
pretty  closely  with  Dr.  Jlassall's  experience.  In  the  refined  sorts, 
I  found  nothing  but  crystalizable  and  non-crystalizable  sugar,  and 
a  little  saline  matter ;  in  the  raw  kinds,  organic  and  mineral  filth — 
often  in  great  abundance.  One  of  the  samples  which  I  examined, 
contained  a  larger  number  of  insects  than  I  believe  had  previously 
been  noticed,  or  at  least  recorded,  by  any  other  observer.     It  was 

*  By  some  authorities  they  arc  considered  to  be  identical. 
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sent  to  me,  together  with  other  articles,  iu  May  last  (1863),  by  Mr. 
Horner,  the  master  of  the  South  Dublin  Union  Workhouse,  and  the 
following  is  the  report  which  I  made  upon  it :  I  have  rarel}'  examined 
a  more  inferior  sample  of  sugar ;  it  is  extremely  damp,  contains  a 
very  large  proportion  of  treacle,  and  a  considerable  amount  of  such 
impurities  as  sporules  of  a  fungus,  particles  of  cane,  albumen,  and 
starch  granules.  These  substances,  however,  though  greatly  de- 
tracting from  the  value  of  the  sugar,  are  not  injurious  to  health. 
I  cannot  sa}'  as  much  for  another  impurity  which  exists  in  great 
abundance  iu  this  sample — namely,  a  species  of  Acarus^  closely 
resembling  in  appearance  and  nature  the  insect  which,  by  burrow- 
ing into  the  skin,  produces  the  itch.  It  is  no  exaggeration  to  affirm 
that  there  cannot  be  less  than  100,000  of  these  insects  in  every 
pound  of  this  sugar.  In  ten  grains  weight,  I  estimated  no  fewer 
than  500,  most  of  which  were  so  large  as  to  be  distinctly  visible  to 
the  naked  eye.  It  is  inconceivable  that  thousands  of  these  crea- 
tures can  be  introduced  into  the  stomach  of  a  human  being  without 
serious  endangerment  to  health.  But  not  only  is  such  sugar  as 
this  sample  detrimental  to  health,  it  is  also  the  least  economical  kind 
which  can  be  employed.  It  greatly  impairs  the  flavor  of  tea  and 
coffee ;  and  its  high  proportion  of  water  and  other  useless  ingredients 
lowers  its  sweetening  power  to  an  extent  which  even  its  low  price 
fails  to  compensate  for.  Many  persons  believe  that  coarse  brown 
sugar  sweetens  better,  or,  to  use  the  common  phrase,  'goes  farther' 
than  white  sugar;  but  that  is  a  mistake.  A  tea-spoonful  of  damp 
brown  sugar  will  certainly  sweeten  a  larger  quantity  of  fluid  than 
a  spoonful  of  white  sugar;  but  it  does  so  because  it  is  much 
heavier  than  the  latter ;  but  if  equal  weights  be  used  it  will  be 
found  that  the  white  variety  is  by  far  the  better  sweetener.  IVie 
hind  of  sugar  which  is  both  healthful  and  economical  is  the  drij^  large 
grained^  and  light  colored  variety.  If  you  cannot  obtain  such  an 
article,  you  should  purchase  the  lightest  brown  kind ;  and  bear  in 
mind  that  such  sugar  as  I  have  examined  for  yo"  is  the  most 
inimical  to  health,  and  the  least  value  for  your  money  which  you 
could  possibly  get. 

"The  publication  of  the  foregoing  report  in  the  newspapers 
excited  consideiable  interest  in  the  public  mind;  for,  excepting  a 
few  scientific  men,  no  one  in  Dublin  appeared  to  have  been  pre- 
viously aware  of  the  existence  of  the  Acarus  sacchari.  The  asser- 
tion that  one  pound  weight  of  raw  sugar  contained  a  hundred 
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thousand  active  insects,  must,  no  doubt,  have  appeared  incredible 
to  some  people ;  but  that  I  was  not  guilty  of  exaggerating  the 
number  was  proved  by  the  results  of  subsequent  examinations 
made  by  other  observers.  A  committee  of  microscopists,  com- 
posed of  Drs.  Aldridge,  Minchin,  Symes  and  Booth,  and  Mr.  Eey- 
nolds,  visited  the  workhouse,  and,  in  the  presence  of  its  officials, 
examined  the  sugar  and  satisfied  themselves  that  my  account  of  it 
was,  in  every  respect,  an  accurate  one.  Two  samples  of  the  sugar 
were  also  examined,  one  by  Dr.  John  Barker,  Curator  of  the  Eoyal 
College  of  Surgeons,  Ireland,  the  other  by  Dr.  Hassall,  of  London, 
a  very  eminent  authority  upon  the  subject.  In  fifteen  grains  weight. 
Dr.  Hassall  found  considerably  over  100  living  insects,  or  at  the 
rate  of  42,000  per  pound ;  and  Dr.  Barker  estimated  no  fewer  than 
1,400  in  forty-five  grains  weight,  or  at  the  rate  of  268,000  Acari  in 
each  pound  weight  of  sugar. 

"  With  the  exception  of  the  date  sugar  made  in  the  East,*  every 
kind  of  raw  sugar  contains  Acari.  They  are  least  numerous  in  the 
very  damp,  treacley  kinds,  because,  as  they  are  air-breathing 
animals,  they  cannot  exist  in  treacle  or  water.  If  a  spoonful  of 
raw  sugar  be  dissolved  in  a  wine-glass  full  of  water,  the  animalcules 
will  speedily  come  to  the  surface,  from  which  they  may  be 
skimmed  off  and  transferred  to  the  object-glass  of  the  microscope. 
On  the  surface  of  the  water  they  appear  as  white  specks,  and  as 
they  swim  about  vigorously,  their  movements  are  quite  apparent 
to  the  naked  eye. 

"  The  Acari  sacchari  do  not  occur  in  refined  sugar  of  any  quality 
for  the  following  reasons: — Firstly,  because  they  cannot  pass 
through  the  charcoal  filters  of  the  refinery ;  secondly,  because 
refined  sugar  does  not  contain  an}"-  nitrogenous  substance  (such  as 
albumen)  upon  which  they  could  feed — and  I  have  already  shown 
that  even  the  most  insignificant  animals  cannot  subsist  solely  upon 
sugar,  or  upon  any  other  kind  of  food  destitute  of  nitrogen.  The 
only  impurity  found,  and  that  rarely,  in  refined  sugar,  is  a  trace  of 
iron ;  its  origin  is  easily  explained :  At  the  refinery,  the  sugar, 
after  its  solution  in  water  has  been  effected,  is  sometimes  put  into 
iron  cisterns,  where  it  remains  until  filters  are  ready  for  its  recep- 
tion. If,  through  negligence,  the  solution  is  allowed  to  remain  too 
long  in  contact  with  the  iron,  it  is  certain  to  dissolve  a  minute  por- 
tion of  the  metal,  from  which  its  subsequent  treatment  fails  to 

*  The  dale  sugar,  which  is  free  from  Aca7-i,  is  practically  a  refined  kind;  its 
crystals  having  been  repeatedly  "clayed,"  or  washed  with  water. 
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entirely  separate  it.  When  iron  in  solution  is  brought  into  con- 
tact with  the  body  termed  tannic  acid^  the  two  combine  and  form  a 
black  substance,  which  is  the  basis  of  most  kinds  of  black  ink. 
Tannic  acid  is  a  natural  ingredient  of  tea ;  if,  therefore,  sugar  con- 
taining iron  be  dissolved  in  an  infusion  of  tea,  the  fluid  will  instantly 
acquire  an  iuky  hue.  The  presence  of  a  small  quantity  of  iron  in 
sugar  does  not  in  the  slightest  degree  injure  its  nutritive  or  health- 
ful qualities;  still  as  tea  resembling  ink  in  appearance^howQxcr 
agreeable  to  the  palate,  would  be  displeasing  to  the  eye,  sugar 
which  would  thus  affect  its  color  is  unfitted  for  domestic  use. 

"Would  anyone,  with  the  slightest  pretension  to  cleanly  notions, 
drink  stagnant  water  if  he  could  as  easily  obtain  the  element  pure 
and  sparkling  from  the  fountain?  May  I  not  add,  is  there  any 
one  so  indifferent  as  to  the  purity  of  his  food,  who  would  consume 
raw  sugar,  hnoi'.nnQ  it  to  be  teeming  with  disgusting  forms  of  animal 
life,  if  the  pure  article  were  as  readily  obtainable  ?  The  sanitary 
reformers  have  clearly  proved  that  the  health  of  a  community  is, 
to  a  great  extent,  dependent  upon  the  quality  of  the  water  they 
drink;  and  the  jiublic  at  large  accept  the  results  of  the  philosopher's 
reasoning.  At  the  present  moment  the  citizens  of  Dublin  are 
heavily  increasing  their  already  ponderous  load  of  taxation  for  the 
purpose  of  obtaining  an  abundant  supply  of  pure  water.  The 
water  which  the  citizens  of  Dublin  at  ])resent  use  is  considered  un- 
wholesome, because  it  contains  low  forms  of  vegetable  life,  and 
abounds  in  animalcules;  and  these  are  just  the  kinds  of  impurities 
which  exist — but  in  immensely  greater  quantities — in  raw  sugar. 
Is  it  not,  therefore,  but  rational  that  if  we  substititute  the  pellucid 
water  of  the  Vartry  for  the  stagnant  fluid  of  the  canals,  we  should 
for  the  same  reason  reject  the  filthy  raw  sugar,  and  supply 
its  place  with  the  purified  products  of  the  refiner  ?  The  parallelism, 
in  a  sanitary  point  of  view,  between  bad  water  and  raw  sugar  is 
complete:  it  is  equally  so  between  pure  water  and  refined  sugar." 


ON  THE  INFLAMMABILITY  OF  PETROLEUM  AND  SCHIST  OILS. 

IJy  Dk.Koukkt  Pkltzkr. 

(Tr.inslatoil  from  Dingler'8  Polyteclinic  Journal,  Vol.  ISU,  page  CI,  by  Dr.  Ailolpli  Otf.) 

I  IIAVK  lately  made  experiments  on  the  inflammability  of  differ- 
ent products  of  distillation  which  were  derived  from  Pennsylvania 
petroleum  and  bituminous  schists  from  Autun,  Dept.  Saone  and 
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Loire  in  France.  The  same  were  conducted  in  the  refinery  of 
Messrs.  Cogniet,  Mar(5chal  &  Co.,  and  made  by  the  special  request 
of  M.  Cogniet,   The  following  are  the  results  of  these  experiments  : 


PETROLEUM. 

1 

SCHIST  OIL. 

Density. 

Inflammability. 
Takes  lire  at — 

Density. 

Inflammability. 
Takes  lire  at — 

0-643 

—   5  8°F. 

0-7G9 

+  10-4°  F. 

0-B8G 

—    5-8 

0-791 

06-2 

0-700 

^   2-2 

0-805 

95- 

0740 

+  69  0 

0-814 

118-4 

0-748 

+  00-8 

0-823 

140- 

0-750 

+  02-6 

0  841 

176-. 

0-760 

95- 

0  851 

186-8 

0  775 

113- 

0-880 

2U8-4 

0-783 

122- 

Portion  soldifying 

0-792 

167- 

at  5'.»°  F. 

•iOG-G 

0  8(5 

194- 

Crude  Schist  Oil 

0-8:22 

230- 

of  0-882. 

82-4 

0-831 

203- 

0-848 

158- 

0  850 

136- 

Crude  petroleum  of 

0-802 

59- 

Heavy  oils  from  the 

distillation  of  kero- 

sene. 

343-4 

'  Paraffino  of  melting 

1    point  120-2°  F. 

1 

429-8 

The  oils  were  heated  in  a  small  capsule  over  a  water  or  parafifine 
bath,  a  thermometer  being  inserted  in  the  oil,. and  a  thin  burning 
wick  being  held  over  the  same. 

The  petroleum  oils  which  were  experimented  upon,  were  very 
differently  obtained,  a  part  of  them  were  gathered  directly  from  the 
cooling  worms  in  refineries,  others  were  obtained  by  fractional  dis- 
tillation in  small  retorts,  and  still  others  by  evaporation  of  specifi- 
cally light  mixtures. 

The  two  first  samples  of  the  density  of  0-643  and  0-686  already 
took  fire  at  5-8°  F.,  henceforth  the  inflammability  diminishes  till 
the  density  of  0-822  is  reached.  From  this  point  we  again  see  it 
increase.  This  remarkable  fact  is  easily  explained,  when  we  con- 
sider that  the  high  temperature  which  is  necessary  to  distil  the  oils 
of  0-822,  is  sufficient  to  produce  a  partial  decomposition  of  the  higher 
boiling  oils  in  the  retort. 
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Tliis  admission  is  sufficiently  confirmed  by  the  experiment.  "When 
the  distilled  oils  had  reached  the  density  of  0"822,  the  fan  under  the 
retort  was  drawn  out.  In  producing  a  light  oil  of  0*800,  distillers 
generally  gather  only  the  portions  which  come  up  to  this  point ; 
the  first  fractions  which  are  used  with  the  illuminating  oil  pos- 
sess a  specific  weight  of  0"750;  the  mixture  does  not  then  take 
fire  below  96*7°  F.  The  remainder  in  the  retort  may  be  heated  to 
34o'4°  F.  before  it  is  inflamed  by  a  burning  wick.  "When,  how- 
ever, after  the  distillate  had  reached  the  specific  gravity  of  0*822, 
the  heat  was  increased,  as  it  is  done  for  the  production  of  lubricat- 
ing oils ;  the  inflammability  was  also  increased,  as  is  seen  from  the 
foregoing  table. 

Refined  paraffine  of  a  melting  point  of  129-2°  F.,  could  be  heated 
to  429*8°  F.;  it  then  took  fire,  but  without  a  prior  decomposition 
being  noticed,  which  obviously  bad  taken  place  in  the  distillation 
of  the  heavy  oils  and  crude  oil  containing  paraffine  masses. 

The  schist  oil  samples  were  obtained  from  a  distillation  on  a  small 
scale.  The  same  was  carried  out  in  a  cast  iron  retort  of  2|  gallons 
capacity  on  naked  fire.  The  oils  were  purified  and  from  Autun. 
It  is  striking  that  the  latter  are  a  great  deal  more  inflammable  than 
the  petroleum  oils  of  the  same  density.  Prof.  Maroc,  of  Stuttgardt, 
also  indicates  the  inflammability  of  a  schist  oil,  which  he  does  nut 
designate  further  than  as  being  at  63*5°  F. 

It  is  highly  probable  that  a  similar  decomposition  goes  on  in  the 
distillation  of  schist  oils  at  an  elevated  temperature,  only  in  a  less 
striking  manner  than  is  the  case  with  petroleum.  Unhappily, 
my  choice  was  very  limited,  and  I  was  specially  in  want  of  the 
distillates  from  the  crude  heavy  oils  for  the  production  of  lubrica- 
tors, otherwise  the  decomposition  of  the  schist  oils  could  have  been 
more  precisely  determined. 

Upon  this  decomposition  a  process  could  be  founded  for  changing  the 
heavy  petroleum  oils  by  a  high  heat  {at  least  partially)  into  illuminat- 
ing oils,  as  Mr.  Breitenlohner.  of  Chlumetz,  Bohemia,  has  already  done 
xcith.  licuvy  ptat  oils.* 

This  principle  has  already  found  application  in  the  refinery  of 
Messrs.  Coguiet,  Mar^chal  &  Co.,  as  yet,  however,  on  a  very  limited 
scale. 

From  the  foregoing  table  we  notice  a  diminution  of  the  inflam- 
mability with  the  increase  of  density  in  ca.se  no  decomposition  has 

*  Polytechnic  Journal  of  Dingier,  CLXVII.,  pago  378. 
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vet  taken  place  bj  too  elevated  a  temperature ;  but  even  an  ap- 
proximate relation  between  these  two  points  is,  however,  not  per- 
ceivable. If  the  greater  or  less  inclination  of  the  oils  to  inflame, 
was  simply  dependent  upon  the  boiling  points  of  the  single  frac- 
tions, which  would  represent  more  or  less  constant  mixtures  of 
hydro-carbons  of  the  series  C*°  II -^  X  2,  as  isolated  by  Cahours, 
Pelouze*  and  Schorlemmerf  than  a  fixed  relation  between  the  in- 
flammability and  density  would  be  the  necessary  consequence ;  this 
relation  is,  however,  very  probably  concealed  by  a  different  degree 
of  absorption  by  the  various  "  fractions  "  of  the  highly  inflammable 
gases,  which  are  met  with  in  the  oils. 

A  fraction  which  holds  a  certain  quantity  of  gas,  possesses  also  a 
corresponding  inclination  to  inflame. 

For  making  the  crude  petroleum  applicable  and  perfectly  safe  for 
the  heating  of  steam  boilers,  it  would  be  necessary  to  separate  all 
the  oils  until  the  density  of  0-783  is  reached,  and  then  to  free  it 
from  the  absorbed  gases.  Though  oils  may  yet  be  present,  which 
are  inflammable  from  1-22  to  l-t)7°  F.,  their  per  centage  is  so  small 
that  the  fluid  will  bear  a  heat  of  176  to  212°  F.  without  there  being 
any  danger  of  explosion.  The  oil  below  the  density  of  0-783  could 
be  sold  partly  as  kerosene,  partly  as  essence  for  the  so-called  magic 
lamp. 


LECTURE-NOTES  ON  PHYSICS. 

Bx  Prof.  Alfred  M.  Mayer,  Pu.D. 
(Continued  from  page  258). 

§  YI.   Capillary  Attraction. 

The  phenomena  of  capillary  attraction  consist  in  the  elevation 
or  depression  of  the  surfaces  of  liquids  along  the  line  of  contact  with 
the  walls  of  the  vessels  which  contain  them  ;  in  the  ascent  or  depres- 
sion of  liquids  between  slightly  separated  plates,  or  in  tubes  of  such 
small  internal  diameters  as  to  approach  to  the  dimensions  of  a  hair ; 
whence  the  name  of  capillarity,  from  capillns,  a  hair. 

These  effects  are  due  to  the  attractions  of  the  molecules  of  the 

*  Pelouze,  Comptes  Rendus,  Vol.  LVI.,  page  5)-5;  Vol.  LVII.,  page  02. 
f  Schorlemmer,  Chemical  News,  1863,  page  157. 
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liquid  for  each  other  combined  with  the  attractions  existing  between 
them  and  the  molecules  of  the  solid.  • 

Generalization  of  the  Phenomena  of  Capillary  Attraction. 

1.  The  ascent  or  depression  of  the  liquid  is  inversely  as  the 
diameter  of  the  tube ;  provided  that  this  diameter  does  not  exceed 
two  millimetres.  In  tubes  over  twenty  millimetres  in  diameter, 
there  is  neither  elevation  or  depression  of  liquids, 

2.  The  phenomena  are  independent  of  the  pressure  to  which  the 
apparatus  is  subjected;  being  the  same  in  vacuo  as  in  compressed 
air. 

3.  They  do  not  depend  on  the  thickness  of  the  tube ;  hence  the 
action  of  the  tube  is  limited  in  its  effects  to  insensible  distances. 

■i.  The  phenomena  vary  with  the  material  of  the  tube,  and  Avith 
the  nature  of  the  liquid ;  thus,  in  a  tube  of  glass,  water  rises  above 
and  mercury  is  depressed  below  the  level  of  the  outside  liquid.  The 
following  table  of  the  experiments  of  M.  Frankenheim,  gives  the 
heights  in  millimetres  to  which  different  liquids  rise,  at  a  tempera- 
ture of  0°  C,  in  a  glass  tube  of  1  millimetre  in  diameter. 


LIQUIDS. 

DENSITY. 

KLEVATIOX. 

Water 

1000 

30-73 

Formic  Acid 

1105 
1-200 

20-JO 
17  02 

Acetic  Acid 

Sulphuric  Acid 

1-840 

1680 

Solution  of  Potassa... 

1-274 

15-40 

Petroleum 

0-847 
0  890 

13-90 
13-52 

Spirits  of  Turpentine. . 

Acetic  Ether 

0-905 
0821 

12-20 
12-10 

Alcohol 

Alcohol 

0-967 

14-54 

Ether 

0  737 

10-80 

Bisulphide  of  Carbon.. 

1-290 

1020 

5.  "When  the  liquid  icets  the  tube,  it  rises  above  the  level  of  the 
Vol.  LVI.— Third  Skriks.— No.  5.— November,  18C8.  43 
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liquid  outside  the  tube ;  and  in  this  case  the  surface  of  the  elevated 
liquid  is  concave. 

Example.     AVater  in  glass  tube. 

6.  When  the  liquid  does  not  ivet  the  tube,  it  is  depressed  below  the 
surface  of  the  exterior  liquid ;  and  in  this  case,  the  surface  of  the 
liquid  in  the  tube  is  convex. 

Example.     Mercury  in  tube  of  glass. 

7.  When  the  liquid  in  the  tube  has  a  plane  surface,  there  is  neither 
elevation  or  depression. 

Example,     Water  in  a  tube  of  steel. 

These  facts  are  readily  explained  by  the  atomic  theory,  of  which 
they  are  a  beautiful  illustration  and  a  natural  deduction. 

(«.)  An  attraction  exists  between  the  neighboring  molecules  of  a 
liquid,  and  between  the  molecules  of  a  liquid  and  of  the  contiguous 
solid. 

[h.)  This  force  decreases  very  rapidly  as  the  distance  between  the 
molecules  increases,  and  becomes  null  when  that  distance  exceeds 
the  radius  of  sensible  attraction. 

(c.)  The  attraction  existing  between  the  molecules  forming  the 
surface  of  a  liquid,  and  those  extending  below  the  surface  as  far  as 
the  radius  of  sensible  attraction,  produces  a  molecular  2>'>'essicre,  or 
tension,  on  this  surface,  whose  effect  has  to  be  added  to  the  pressures 
produced  by  gravity  and  the  atmosphere. 

[d.)  The  molecular  pressure  is  greater  with  a  convex  and  less 
with  a  concave  than  with  a  plane  liquid  surface. 

The  truth  of  the  four  preceding  postulates,  is  made  clear  by  what 
follows : 

Let  s  s',  Fig.  3,  be  a  liquid  surface  of  any  form,  M  is  a  molecule 
on  the  surface ;  m'  is  a  molecule  distant  from  the  surface  less  than 
the  radius  of  sensible  attraction;  and  m"  a  molecule  whose  dis- 
tance from  the  surface  equals  the  radius  of  sensible  attraction ; 
while  all  molecules  between  s  s'  and  R  r'  are  distant  from  the  sur- 
face less  than  the  radius  of  sensible  attraction. 

The  molecule,  M,  on  the  surface,  is  attracted  downward  by  all 
the  molecules  contained  in  the  portion  of  sphere  which-  has  for  its 
radius  M  P,  the  radius  of  sensible  attraction.  The  effect  of  all  these 
attractions  on  M  will  be  a  resultant  in  the  direction  M  p,  perpen- 
dicular to  the  surface. 

The  molecule,  m',  is  attracted  by  all  the  molecules  contained  in 
the  spherical  portion  a  b  c,  which  we  can  divide  into  three  parts  by 
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three  equidistaDt  planes,  A  B,  PQ,  a'b',  parallel  to  the  surface,  ss'. 
The  attraction  produced  by  a  B  p  Q,  is  destroyed  by  the  attraction  of 
p  Q  a'  b',  and  therefore  the  molecule  m'  is  drawn  downward  as 
though  it  -were  attracted  only  by  the  liquid  contained  inA'B'c, 
which  gives  a  resultant,  p',  also  perpendicular  to  the  surftice,  but 
less  than  P. 

The  molecule,  Ji",  whose  distance  from  the  surface  equals  the 
radius  of  sensible  attraction,  and  all  other  molecules  placed  at 
greater  distances,  are  equally  attracted  on  all  sides,  and  therefore 
they  produce  no  tension  in  the  surface-film  of  the  liquid,  which  has 
for  its  thickness  the  radius  of  sensible  attraction. 

The  injluence  of  the  curvature  of  the  liquid  surface  on  the  molecular 
pressure. 

Let  m'.  Fig.  4,  be  a  molecule  at  a  distance  M  ii  from  the  surface 
.-..s'  of  the  liquid.  With  M  as  a  centre,  draw  a  sphere  whose  radius 
m'  p  equals  the  radius  of  sensible  attraction. 

If  the  surface  is  a  plane,  A  b,  the  attractions  of  the  liquid  in 
A  B  p  Q  are  destroyed  by  those  produced  by  the  symmetrical  portion 
below,  a'  b'  p  q,  and  there  remains  for  resultant  only  the  action  of 
a'  b'  c. 

Suppose  the  surface  concave  and  DHE;  if  we  draw  through  n' 
the  symmetrical  surface,  d'h'e',  it  is  evident  that  the  attractions 
of  the  molecules  comprised  between  d  h  e  p  q  and  of  those  contained 
within  d'h'e'  pq  equal  and  oppose  each  other,  and  there  remains 
only  the  attraction  of  d'ii'e'c  on  m',  which  is  less  than  when  the 
surface  was  a  plane 

If  the  surface  is  convex,  and  is  represented  by  k  ii  l,  draw  the 
symmetrical  surface,  k'ii'l';  then  the  efficient  attracting  portion 
of  the  liquid  will  be  increased  and  represented  by  k'g'  l',  and  con- 
sequently the  molecular  pressure  is  greater  with  a  convex  than  with 
a  plane  surface. 

We  can  now  explain  the  rise  and  depression  of  liquids  in  capillary 
tubes. 

When  the  surface  of  the  liquid  in  the  tube  is  concave^  the  mole- 
cular pressure  on  the  liquid  in  the  tube  is  less  than  the  pressure  on 
the  liquid  outside  the  tube,  and  therefore  the  liquid  rises  in  the  tube 
to  a  height  which  measures  the  diminution  of  pressure  produced 
1)v  the  concave  surface. 

When  the  surface  of  the  liquid  in  the  tube  is  plane,  there  is 
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neither  elevation  or  depression,  for  the  pressures  are  the  same  on 
the  surfaces  of  the  liquid  inside  and  outside  the  tube. 

When  the  surface  of  the  liquid  in  the  tube  is  convex,  the  mole- 
cular pressure  on  the  liquid  in  the  tube  is  more  than  the  pressure 
on  the  liquid  outside  the  tube,  and  therefore  the  liquid  column  is 
depressed  in  the  tube  below  the  level  of  the  outside  liquid,  and  the 
depth  to  which  the  column  is  forced  below  this  level,  is  the  measure 
of  the  pressure  produced  by  the  convex  surface. 

As  we  have  seen  that  the  elevation  or  depression  of  liquids  in 
capillary  tubes,  is  due  to  a  diminution  or  increase  of  molecular  pres- 
sure, produced  by  a  concave  or  convex  surface,  it  remains,  to  ren- 
der the  explanation  complete,  to  show  the  cause  of  the  special  figure 
of  each  surface. 

Cause  of  the  (1)  plane,  (2)  concave,  and  (3)  convex  surfaces  of 
liquids  in  capillary  tubes. 

Let  D  A  in  Figs.  5,  6  and  7,  be  the  vertical  surface  of  a  solid 
plunged  in  liquids,  whose  surfaces  are  M  L.  Let  M  be  a  molecule  of 
the  surface  of  the  liquid  contiguous  to  the  plate.  This  molecule  is 
attracted  by  all  the  molecules  contained  in  the  quarter-spheres 
D  M  c  and  A  MC,  whose  radii  are  equal  to  the  distance  of  sensible 
attraction ;  giving  as  resultants  M  s  and  M  s',  while  the  resultant  of 
the  attractions  of  the  liquid  on  the  molecule,  M,  will  be  M.  P, 

Three  cases  can  present  themselves, 

1.  If  the  resultant,  M  P,  Fig.  5,  is  ticice  MS,  or  its  equal,  M  s',  the 
eSect  of  these  three  attractions  on  M  will  be  the  resultant,  M  R ; 
which  being  perpendicular  to  the  liquid  surface,  the  fluid  will 
remain  horizonkd^  for  the  surface  of  a  liquid  is  always  perpendicular 
to  the  forces  acting  on  it. 

2.  If  the  resultant,  M.  P,  Fig.  6,  is  less  than  twice  M  s  or  M  s',  the 
three  attractions  will  result  in  m  r,  which  will  produce  a  concave 
surface  M  l',  inclined  against  the  plate. 

3.  If  the  resultant,  M  P,  Fig.  7,  is  more  than  ticice  M  s  or  M  s',  the 
resultant  of  the  three  attractions  on  liquid  contiguous  to  solid  will 
be  M  R,  which  will,  for  the  reason  given  above,  produce  the  surface 
m'  l',  which  will  be  convex. 

The  above  results  may  be  expressed  concisely  as  follows : 

I.  On  the  free  surface  of  every  liquid  there  exists  a  molecular 
pressure  from  without  inward,  which  always  adds  its  effect  to  that 
produced  by  gravity  and  the  pressure  of  the  air. 

II.  The  intensity  of  this  molecular  pressure  varies  with  the  form 
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of  the  surface,  being  greater  when  the  surface  is  convex  and  less 
when  concave,  than  when  it  is  phme. 

III.  The  form  of  a  liquid  surface  in  a  tube,  depends  on  the  rela- 
tive amounts  of  attraction  existing  between  the  molecules  of  the 
liquid  and  the  molecules  of  the  solid  and  of  the  liquid. 

1.  When  the  attraction  between  the  molecules  of  the  liquid  is 
ticice  as  great  as  the  attraction  between  the  molecules  of  the  liquid 
and  those  contained  in  an  equal  portion  of  the  solid,  the  surface  in 
the  capillary  tube  is  horizontal. 

2.  When  the  attraction  between  the  molecules  of  the  liquid  is 
less  than  twice  that  existing  between  the  molecules  of  the  liquid  and 
solid,  the  surface  in  the  tube  is  concave. 

3.  When  the  attraction  between  the  molecules  of  the  liquid  is 
more  than  tivice  that  between  the  molecules  of  the  liquid  and  solid, 
the  surface  in  the  tube  is  convex. 

IV.  When  the  surface  of  the  liquid  in  the  capillary  tube  is 
(a)  horizontal,  it  is  in  the  same  plane  with  the  exterior  liquid, 
(i)  concave,  it  is  above  the  plane  of  the  exterior  liquid,  (e)  convex, 
it  is  below  the  plane  of  the  exterior  liquid. 

Y.  The  amount  of  elevation  or  of  depression  of  the  same  liquid 
in  tubes  of  the  same  material,  is  inversely  as  the  diameter  of  these 
tubes.  This  is  known  as  the  law  of  Jurin,  after  the  philosopher 
who  established  it;  and  with  the  aid  of  the  table  already  given, 
we  can  by  means  of  it  readily  calculate  the  heights  to  which  different 
liquids  will  rise  in  glass  tubes  of  various  dimensions,  contained 
within  diameters  of  two  millimetres  to  a  few  hundredths  of  a 
millimetre. 

The  reason  of  this  law  is  as  follows.  The  force  which  elevates  or 
depresses  the  liquid  columns  in  the  tubes  depends  evidently,  from 
what  has  preceded,  upon  the  number  of  the  molecules  on  the  sur- 
face of  the  liquid  contiguous  to  the  sides  of  the  tubes.  Therefore, 
the  forces  of  elevation  or  of  depression  are  as  the  interior  circum- 
ferences of  the  tubes,  and  the  forces  are  measured  by  the  quantity 
(or  weight)  of  liquid  elevated  above  or  depressed  below  the  level  of 
the  liquid  exterior  to  the  capillary  tube.  Therefore,  let  h  and  h' 
be  the  lengths  of  liquid  columns  elevated  or  depressed  in  tubes 
whose  interior  diameters  are  respectively  d  and  d'.  Their  interior 
circumferences  are  «  d  and  «  d'.  i  being  the  specific  gravity  of  the 
liquid,  the  weights  of  the  columns  elevated  or  depressed  will  be 
\  rt  d-  h  5,  and  J  t  d'"^  h'  3.     These  weights  are  equal  to  the  forces 
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whicli  produce  the  elevations  or  depressions  of  tlie  liquid  columns, 
and  these  forces  being  to  each  other  as  the  interior  circumferences 
of  the  tubes,  wc  have 

Ttd-.rid'  •.•.\n  dr  h  b:\ri  d'^  h'  8 
or 
d-.d'v.h'  -.h 
which  is  the  expression  of  the  law  given  above. 

Experiments. — The  apparatus  with  which  Gay  Lussac  verified 
the  above  law,  explained  and  used. 

If  two  squares  of  plane  glass,  touching  along  two  vertical  edges, 
are  opened  to  an  acute  angle  and  placed  in  colored  water,  the  liquid 
will  rise  between  the  plates,  forming  an  equilateral  hyperbola,  and 
therefore  the  liquid  at  various  points  stands  at  heights  inversely  as 
the  distance  of  the  plates  at  these  points. 

The  relation  which  exists  between  the  form  of  the  surface  which 
terminates  the  capillary  column  and  its  vertical  distance  above  the 
plane  of  the  exterior  liquid,  is  beautifully  shown  by  the  following 
experiment,  which,  with  those  above  cited,  can  be  readily  thrown 
on  a  screen  by  means  of  the  lantern  and  erecting  prism  of  Prof, 
^[orton  (see  Journal  of  Franldin  Institute,  Vol,  LIII.,  p.  406).  A 
large  glass  tube  has  connected  with  it  a  capillary  tube,  as  shown  in 
Fig.  8.  Water,  colored  with  carmine,  is  poured  into  the  larger 
tube  until  its  level  reaches,  say.  A,  and  the  liquid  in  the  capillary 
tube  just  attains  the  top,  s,  and  in  these  circumstances,  will  there 
form  a  concave  surface.  Now,  on  pouring  into  the  large  tube  more 
liquid,  the  concave  surface  becomes  flatter  and  flatter  as  the  liquid 
rises  in  the  tube  A,  until,  when  the  surface  rises  to  B  on  the  same 
level  as  s,  the  terminal  surface  at  s  is  a  plane.  When  liquid  is 
further  added  until  the  surface  reaches  c,  at  a  higher  level  than  s, 
the  capillary  surface  at  s  is  convex. 

When  s  is  concave,  the  molecular  jjressure  on  this  surface  is  less 
than  on  a  by  the  pressure  of  the  column  from  the  level  a  to  s. 
When  s  is  plane,  equality  of  pressure  exists  in  both  tubes,  and 
therefore  the  liquid  surfaces  are  in  the  same  plane.  When  s  is 
convex,  more  molecular  pressure  is  on  s  than  on  c,  by  the  column 
from  s  to  the  level  c. 

Professor  Plateau,  of  the  University  of  Ghent,  has  made  a  scries 
of  very  important  investigations  in  molecular  physics,  which  are 
contained  in  a  series  of  papers  entitled,  "  Experimental  and  Theo- 
retical Researches  on  the  Figures  of  Equilihrium  of  a  Liquid  Mass 
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icithdrawn  from  the  action  of  Graviti/,'^  translated  and  published  by 
the  Smithsonian  Institution,  in  the  Reports  of  1863,  ei  seq.  The 
fifth  series  of  these  investigations  (Smith.  Rep.  1865),  contains  a 
research  on  the  molecular  pressure  exerted  by  liquid  films,  with 
applications  to  capillary  action;  and  so  interesting  has  this  investi- 
gation appeared  to  us,  that  we  thought  it  proper  to  present  a  rather 
fall  abstract  from  Prof.  Plateau's  paper. 

Pressure  exerted  by  a  spherical  film  on  the  air  which  it  contains. 
— Applicatio7i. 

"  The  exterior  surface  of  a  laminar  sphere  being  convex  in  every 
direction,  the  pressure  which  corresponds  to  it  is  greater  than  that 
of  a  plane  surface,  and  consequently  the  resultant  of  the  pressures 
exerted  in  any  point  of  the  bubble  by  the  two  surfaces  of  the  latter, 
is  directed  towards  the  interior;  whence  it  results  that  the  bubble 
presses  on  the  air  which  it  encloses.  It  is,  indeed,  well  known 
that  when  a  soap  bubble  has  been  inflated,  and  while  it  is  still 
attached  to  the  tube,  if  the  other  extremity  of  this  last  be  left  open, 
the  bubble  gradually  collapses,  expelling  the  air  which  it  contained 
through  the  tube.  "We  see  now  what  is  the  precise  cause  of  this 
expulsion. 

"  But  we  may  go  further,  and  determine  according  to  what  law  it 
is,  that  the  pressure,  exerted  by  such  a  bubble  on  the  confined  air, 
depends  on  the  diameter  of  that  bubble.  We  can  compute,  more- 
over, the  exact  value  of  the  pressure  in  question  for  a  bubble  hav- 
ing a  given  diameter,  and  formed  of  a  given  liquid.  The  pressure 
corresponding  to  a  point  of  a  laminar  figure,  has  for  its  expression 

A I 1-      ,  ).     R  and  r',  standing  for  the  radii  of  curvature,  P 

V   R  r'  /  )  o  ' 

being  the  pressure  which  a  plane  surface  would  occasion,  and  a  a 

constant  which  depends  on  the  nature  of  the  liquid.     Now,  in  the 

case  of  the  spherical  figure,  we  have  R  =  R'  =  the  radius  of  the 

sphere.   If,  therefore,  we  designate  by  d  the  diameter  of  the  bubble, 

4  a 

the  value  of  the  pressure  will  simply  become  --  ,  always,  be  it  un- 
derstood, neglecting  the  slight  thickness  of  the  film;  whence  it  fol- 
lows that  the  intensity  of  the  pressure  exerted  by  a  laminar  spherical 
bubble  on  the  air  which  it  confines,  is  in  inverse  ratio  to  the  diameter 
of  that  bubble. 

(To  be  continued.) 
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RESISTANCE  AND  TRANSMISSION  OF  MOTION. 

By  Prof.  Henry  Morton,  Ph.  D. 

There  are  a  number  of  phenomena  more  or  less  directly  con- 
nected with  the  effect  of  high  velocity  in  overcoming  resistances, 
which  are  commonly  regarded  as  forming  a  class  by  themselves, 
and  requiring  a  special  hypothesis  for  their  explanation,  or  if  treated 
in  the  established  method,  calling  for  an  exercise  of  faith  in  a  train 
of  reasoning  not  in  itself  quite  unexceptionable,  which  is  at  the 
least  a  source  of  discomfort  to  ordinary  minds. 

As  an  illustration  of  the  phenomena  to  which  we  allude,  we  may 
cite  the  oft-quoted  experiment  of  shooting  a  tallow  candle  through 
a  pine  board,  the  piercing  a  slate  with  a  pistol  ball,  without  crack- 
ing it,  &c. 

In  an  able  paper  by  Mr.  John  C.  Trautwine,  C.  E.,  entitled  "  Ee- 
raarks  on  Force,  Motion,  and  Inertia,"  published  in  this  Journal, 
Yol.  XLIV.,  p.  197,  some  of  these  difficult  questions  are  very  fully 
expressed.  We  will  quote,  for  want  of  space,  but  one  of  the  illus- 
trations used,  although  we  would  strongly  recommend  the  article 
to  all  interested,  as  an  accurate  and  entertaining  discussion  of  a  sub- 
ject which  has  been  inadequately  treated  by  some  even  of  the  high- 
est authorities. 

After  various  other  and  more  elaborate  illustrations,  Mr.  Traut- 
wine says :  "  The  ordinary  coupling  between  a  locomotive  and  a 
heavy  train,  would  break,  under  the  action  of  an  engine  capable  of 
imparting  to  the  train  at  one  impulse,  a  velocity  of  forty  miles  an 
hour ;  yet  it  safely  transmits  the  same  amount  of  moving  force 
when  imparted  by  a  succession  of  milder  impulses,"  and  further 
on,  "it  would  seem,  that  moving  force  will  of  itself  sever  mediums 
through  which  we  may  attempt  to  transmit  too  much  of  it,  to  unre- 
sisting matter,  as  well  as  to  resisting  force." 

"We  believe  that  the  obscurity  of  this  subject  will  be  greatly 
relieved,  if  only  a  little  thought  is  given  to  the  nature  of  those 
molecular  forces  which  are  the  most  usual  active  agents  in  the 
resistance  and  the  transmission  of  motion. 

It  will  then  be  seen  that  these  are  forces  which  dififer  in  nothing 
but  their  range  of  action,  and  intensity,  from  gravity,  or  other  like 
energies,  and  may  be  fairly  compared  with  them  in  their  mode  of 
action. 
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There  is,  however,  another  point,  which,  though  self  evident,  is 
apt  to  be  overlooked  in  our  study  of  all  forces,  and  that  is  their 
relation  to  time,  in  the  respect,  that  the  eftect  of  any  force  must 
be  proportional  to  its  time  of  action.  Thus,  if  a  force  is  capable  of 
producing  a  certain  effect  in  one  instant,  it  will  do  the  same  twice 
over  in  two  instants,  and  can  do  but  half  as  much  as  this  in  half 
the  time. 

AYe  should  then  first  regard  the  particles  of  bodies  as  maintained 
in  their  relative  positions,  not  by  any  general  and  indefinite  condi- 
tion of  contact,  but  by  the  constant  action  of  certain  forces  of  great 
but  limited  power,  and  exerting  this  power,  not  without  reference 
to  time,  but  on  the  contrary,  with  entire  dependence  upon  it ;  so 
that  each  element  is  exerting  so  much  force  in  so  much  time,  more 
in  more  time,  less  in  less  time,  in  a  direct  proportion. 

These  general  principles  being  premised,  we  will  presently  assume 
a  case  involving  the  transmission  of  motion,  and  test  our  theory  in 
its  explanation. 

Our  conception  of  this  subject  will  be  rendered  more  easy,  how- 
ever, if  we  first  consider  a  parallel  case  in  which  gravity  might  take 
the  place  of  the  transmitting  or  molecular  force. 

Imagine  the  earth  at  rest  in  space,  with  a  heavy  body  in  contact 
with  it  at  some  point.  If,  now,  the  earth  received  a  motion  in 
a  direction  radial  to  the  point  of  contact,  and  away  from  it,  the 
heavy  body  would  remain  in  contact  so  long  as  this  motion  was 
not  greater  than  that  of  a  body  falling  from  a  state  of  rest,  i.e. 
(sixteen  feet  in  the  first  second,  and  so  on.)  In  other  words,  the 
attractive  force  between  the  heavy  body  and  the  earth  (which  here 
represents  the  molecular  force  of  our  actual  experiment),  is  just 
equal  to  that  which  we  express  by  so  much  matter  (the  weight  of 
the  heavy  body),  moved  sixteen  feet  from  a  state  of  rest ;  this 
power  being  put  forth  in  the  time  of  one  second. 

If,  now,  we  required  a  greater  force  to  be  transmitted  by  this 
attraction  of  gravity,  either  by  asking  it  to  move  a  greater  mass 
at  the  same  rate  (as  by  connecting  the  heavy  body  by  a  string,  with 
another  so  placed  as  to  be  free  from  all  resistances  to  motion),  or 
by  demanding  a  higher  velocity  (as  by  supposing  the  earth  to  move 
more  than  sixteen  feet  in  the  first  second),  we  should  simply  rup- 
ture the  connection  between  the  earth  and  heavy  body.  By  keep- 
ing within  the  limits  of  the  transmitting  force  (which  in  the  above 
case  was  gravity,  but  might  be  any  other),  we  can  transfer  part  by 
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part,  any  amount  of  force  to  the  second  body,  which  will  be  con- 
verted into  motion  in  it,  and  be  so  stored  up  and  accumulated  with- 
out loss,  all  resistances  being  removed. 

"We  will  now  take  up  an  actual  case  of  transmission  to  which 
our  principle  should  supply  an  explanation. 

A  weight,  w,  rests  without  friction  on  a  level  plane,  and  a  power, 
p  (derived  say  from  the  action  of  gravity  upon  a  heavy  body),  is 
caused  to  act  upon  it  by  means  of  a  cord  passing  over  a  fixed 
pulley. 

In  an  instant  of  time,  gravity  exerts  a  certain  pull  upon  the 
heavy  body,  which  wq,  may  assume  to  be  transmitted  instantly  to 
the  first  point  of  the  cord;  but  how  is  it  to  travel  along  the  cord? 
It  is  clear  that  the  only  mechanical  connection  between  the  success- 
ive points  of  the  cord,  is  their  cohesive  attraction  for  each  other ;  it 
is  then  by  what  we  may  be  allowed  to  call  a  stretching  of  this 
attractive  force,  that  the  power,  p,  can  be  transferred  along  the 
cord  to  w,  and  by  no  other  means.  Now,  this  molecular  force  is 
as  we  have  already  seen,  properly  expressed  by,  and  in  fact  consti- 
tuted of,  so  much  power  in  so  much  time.  If,  then,  we  draw  one 
of  these  atoms  from  another  with  a  force  which  is  greater  in  the 
same  time  than  that  uniting  them,  a  rupture  will  occur,  and  so  much 
force  only  be  transmitted  as  was  exerted  by  the  molecular  power 
during  the  time  that  the  weight  was  acting  upon  it. 

The  questions  and  conditions  here  noticed,  lead  us  to  another 
cognate  subject  of  similar  difGiculty,  and  amenable  to  similar  treat- 
ment ;  we  allude  to  the  relations  between  the  moving  force  and  the 
work  done  by  a  moving  body. 

We  say  and  know  that  the  vis  viva  or  work  done  by  a  moving 
body,  varies  with  the  square  of  its  velocity,  while  we  know  by  our 
previous  reasoning,  that  the  force  expended  in  giving  it  that  velo- 
city, only  varies  with  the  velocity  itself  Thus  the  force  of  gravity 
will  give  a  falling  body  a  double  velocity  in  a  double  time,  during 
which  it  must  have  exerted  a  double  force  upon  it.  Here,  then, 
we  have  a  double  force,  doing  a  quadruple  work.  Is  this  because 
by  some  wonderful  and  recondite  property  inherent  in  "  velocity," 
the  double  power  has  been  indued  with  an  again  doubled  efficiency  ? 
Many  writers  leave  us  to  think  so ;  but  we,  on  the  contrary,  believe 
that  the  work  done  only  seems  to  increase  more  rapidly  than  the 
power  implied  in  the  increased  velocity,  by  reason  of  a  loss  of  effici- 
ency in  the  resistances,  in  the  overcoming  of  which  the  "work"  con- 
sists, and  in  fact,  that  work  in  this  sense,  is  no  true  measure  of  force. 
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As  we  have  before  seen,  the  molecular  forces  (which  are  those 
that  most  commonly  plfvy  the  part  of  resistances)  as  well  as  all 
others,  exert  powers  proportional  to  the  times  of  their  action.  If, 
then,  a  moving  body  with  a  certain  velocity,  overcomes  a  certain 
number  of  these  resistances,  or,  for  example,  penetrates  a  medium 
to  a  certain  depth,  before  its  motion  is  arrested,  it  has  overcome  so 
many  resistances,  each  acting  for  such  a  length  of  time.  If,  now,  the 
same  body  with  a  double  velocity,  meets  the  same  medium,  it  will 
penetrate  each  resisting  element  in  half  the  time,  and  so  receive 
from  it  but  half  the  resistance  it  experienced  before.  If,  then,  its 
total  force  were  only  equal  to  what  it  was  at  first,  it  would  go  twice 
as  far,  or  overcome  twice  as  many  resistances;  because  each  of  them 
would  be  but  half  as  effective  as  at  first.  But  as  we  know  the  double 
velocity  implies  a  double  total  force,  and  thus,  considering  the 
doubling  of  the  force  and  the  halving  of  the  resistances,  we  sec  why 
the  number  of  these  overcome,  or  the  work  done,  should  be  four- 
fold. 

Similar  reasoning  would  apply  to  the  case  of  a  body  resisted  in 
its  upward  motion  by  the  force  of  gravity.  A  double  velocity 
would  give  a  four-fold  height  to  its  upward  path,  because,  travers- 
ing each  distance  in  half  the  time,  gravity  would  exert  but  half  its 
former  effect  within  the  same  space,  and  so  on,  as  before  followed 
out. 

The  body  would  come  to  rest  when  exposed  for  a  double  time  to 
the  resisting  force  of  gravity. 

It  may  be  objected  that  the  time  of  action  is  not  the  true  measure 
of  a  force,  but  rather  the  distance  which  it  causes  a  body  to  move 
in  a  given  time.  But  that  this  is  not  so,  will  be  seen  when  we  con- 
sider that  any  velocity  once  implanted  in  a  bod}'',  needs  no  force  to 
maintain  it,  so  that  all  the  motion  afterwards  executed  by  reason  of 
that  element,  is  a  clear  gain  having  no  equivalent  of  expended  force 
as  its  representative.  Thus,  a  falling  body  acquires  during  the  first 
second,  a  final  velocity  of  thirty-two  feet  per  second.  If  gravity 
then  ceased  to  exist,  it  would  still  travel  this  distance  in  the  next 
second,  while  if  the  force  still  exist,  and  is  to  be  expressed  by  the 
motion  produced,  we  would  have  it  responsible  in  the  first  second 
for  sixteen  feet,  and  in  the  next  for  forty-eight. 

It  is  precisely  this  which  introduces  the  philosophical  error  into 
the  method  of  estimating  force  by  the  product  of  mass,  into  the 
square  of  the  velocity. 
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But  again,  it  may  be  said,  the  true  measure  of  a  force  is  the  heat 
it  develops,  and  this,  as  we  know,  varies  with  the  square  of  the 
velocity.  We  would  reply  that  all  development  of  heat  is  unques- 
tionably of  the  nature  of  overcome  resistances.  Thus  the  vibratory 
motions  given  to  the  atoms  of  bodies,  are  given  in  opposition  to  and 
by  overcoming  their  molecular  forces,  and  therefore,  as  in  other 
cases,  these  forces  will  each  individually  oppose  a  shorter  resistance 
to  a  bod}^  with  high  velocity,  and  thus  render  a  greater  number  of 
their  companions  necessary  to  counteract  its  motion.  In  other  words, 
the  previous  explanation  may  be  applied  word  for  word  to  this  case. 

Or,  we  may  say,  the  change  produced  in  the  individual  atoms  of 
a  resisting  medium,  which  we  have  heretofore  called  overcoming  of 
their  resistances,  is  heat.  Therefore,  if  a  double  velocity  overcomes 
a  four-fold  number  of  resistances,  it  develops  a  four-fold  amount 
of  heat. 

In  conclusion,  we  would  again  remark  that  the  foregoing  dis- 
cussion is  in  nowise  intended  as  suggesting  a  new  system  of  mechan- 
ics. The  rules  at  present  employed  are  perfectly  correct  in  their 
working,  and  more  convenient  in  form,  we  think,  than  any  which 
could  be  established  on  another  basis.  Like  many  rules  and  methods 
in  mathematics,  they  are  without  reference  to  the  rationale  of  the 
process,  but  accurately  fitted  to  its  requirements.  Thus,  for  example, 
to  take  a  simple  case  in  arithmetic,  in  place  of  dividing  one  frac- 
tion by  another,  we  invert  the  second  and  multiply.  This  is  per- 
fectly correct  and  unobjectionable  as  a  method  of  obtaining  certain 
results,  but  if  the  final  expression  (e.  g.  i  X  f)  were  regarded  as  a 
rational  explanation  of  some  process  (the  inverting  step  being 
ignored),  it  could  not  well  convey  a  very  true  or  satisfactory  im- 
pression. So,  when  we  calculate  the  efficiency  of  various  forces  by 
the  formula  /=  mv"^,  we  are  simply  transferring  one  v  from  the 
denominator  of  a  fraction  expressing  the  resistance,  to  the  numera- 
tor of  the  quantity  expressing  the  force,  which  we  have  a  perfect 
right  to  do,  provided  that  we  recognize  this  as  a  mathematical  pro- 
cess, and  not  as  the  expression  of  a  physical  fact. 

Our  object  in  writing  the  above,  is  to  make  clear  that  this  is  the 
actual  state  of  the  case,  and  thus,  in  this  and  the  other  points 
noticed,  to  offer  to  those  who  may  feel  the  appetite  for  such  a 
suppl}'-,  the  reasoning  which  has  satisfied  in  ourselves  the  craving 
after  a  rational  account  of  things  that  had  a  certain  air  of  paradox 
about  them,  as  commonly  enunciated. 
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Such,  then,  are  some  of  the  facts  which  are  revealed  to  us  bv  the 
light  reflected  from  the  moon's  surface,  and  so  much  do  they  tell  us 
of  her  past  history  and  present  condition.  But  such  information 
and  similarly  acquired,  we  also  receive  from  other  sources,  as  in  the 
case  of  our  companion  worlds,  the  planets,  whose  light,  like  that 
of  the  moon,  is  but  reflected  sunlight,  modified  by,  and  thus  inform- 
ing us  of  their  special  conditions  of  surface. 

As  regards  the  interior  planets  Mercury  and  Venus,  their  pro- 
pinrj^uity  to  the  sun  and  their  intense  illumination,  together  with 
other  causes,  such  as  their  small  size,  renders  our  observations  most 
meagre  and  unsatisfactory,  but  when  we  direct  our  view  to  Mars, 
we  see  much  that  is  of  interest,  and  has  a  meaning  which  we  mav 
hope  to  interpret. 

We  find  there  a  condition  of  things  quite  antipodal  to  that  of  the 
lunar  surface.  The  planet  Mars  is  undoubtedly  wrapped  in  an 
atmosphere  loaded  with  vapor  and  clouds,  and  possesses  a  surfi^ec 
diversified  by  oceans  and  continents,  lakes  and  peninsulas.  The 
changes  and  the  observations  produced  by  the  movements,  forma- 
tions and  dispersions  of  clouds,  makes  the  determination  of  the 
permanent  features  of  this  planet  very  difficult,  but  yet  by  a  care- 
ful comparison  of  various  sets  of  drawings,  such  as  those  of  Beer 
and  Madler,  made  in  1830,  those  of  Father  Secchi,  made  in  1858, 
and  the  latest  by  Mr.  J.  N.  Lockyer,  in  1862,  we  see  clearly  that 
certain  general  markings  are  permanent  after  years  have  elapsed, 
and  regaintheir  original  appearance  after  being  temporarily  obscured 
and  concealed. 

Such,  for  example,  is  the  part  marked  a,  on  Plate  5,  and  known 
as  the  Scorpion,  and  the  part  marked  b,  wliich  we  might  well  call. 
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by  analogy,  the  Atlantic,  and  c,  the  Mediterraneani  The  formation 
and  grouping  of  clouds  on  the  other  hand,  causes  certain  appear- 
ances which  we  learn  to  recognize  as  unconnected  with  the  geo- 
graphical constitution  of  the  planet,  by  reason  of  their  evanescent 
character. 

A  striking  instance  is  shown  in  the  accompanying  plate,  which 
is  taken  from  a  series  of  drawings  by  Mr.  Lockyer,  published  in 
the  Memoirs  of  the  Royal  Astronomical  Society,  1868,  p.  179. 

Here  we  have  two  views,  taken  at  the  interval  of  half  an  hour, 
one  bearing  date  October  3d,  11  h.  23',  the  other  October  3d,  11  h.  51'. 

In  the  first,  it  will  be  observed  that  the  area  indicated  by  a\  is 
devoid  of  all  markings  except  a  small  rounded  shade ;  in  the  second, 
this  shade  has  developed  into  a  chain  of  three  connected  lakes.  In 
the  first  case,  we  suppose  that  the  region  was  covered  and  concealed 
by  a  mass  of  cloud,  which  subsequently  dispersing  or  perhaps  fall- 
ing as  a  snow  storm,  or  as  a  rain  shower,  left  the  existing  features 
of  the  planet  evident  to  our  eyes. 

The  growth  and  decrease  of  the  snow  zones,  which  surround 
cither  pole,  and  which  creep  out  in  the  winter  of  each  hemisphere, 
and  melt  away  again  as  the  time  of  summer  comes  to  each,  is  also 
a  curious  evidence  of  a  series  of  meteorological  and  climatic  pheno- 
mena, wonderfully  in  accordance  with  our  own  terrestrial  experience. 

The  consideration  of  these  things  gives  us  a  vivid  impression  of 
the  wonderful  revealing  power  of  the  agent,  which  Ave  are  now 
studying. 

We  often  admire  the  wonders  of  the  electric  messenger  and  his 
timeless  flight,  annihilating  distance,  and  bringing  together  the  ends 
of  the  earth,  but  what  are  these  achievements  compared  to  those 
here  accomplished. 

The  electric  fluid  flashing  along  the  cable-covered  wire,  can  give 
Avarning  to  the  coast  of  England,  that  a  tempest  has  begun  its 
march  across  the  broad  Atlantic,  and  although  now  a  thousand  miles 
distant,  will  soon  be  howling  across  the  chalk  cliffs  of  the  island 
and  thundering  into  its  bays,  but  here  the  swifter  footed  light, 
flashing  out  from  the  sun  across  the  fields  of  space,  and  turning 
back  to  us  from  its  momentary  resting  place  on  the  continents,  or 
oceans,  the  mountain  summits  or  their  cloudy  crowns,  the  polar 
snows  or  equatorial  deserts,  of  this  distant  planet,  tells  how  a  tor- 
nado of  snow  and  sleet  is  at  almost  the  same  instant  sweeping  over 
that  globe  thirty -fve  millions  of  miles  away. 
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The  picture  which  is  now  thrown  upon  the  screen,  shows  you  at 
ti  glan:!e,  prepared  as  you  are  to  interpret  the  meaning  of  its  various 
indications  by  what  you  have  seen  before,  what  we  can  learn  as  to 
the  physical  constitution  of  the  planet  Jupiter.  You  see  a  series  of 
belts  of  an  irregular  form,  but  following  the  line  of  the  planet's  equa- 
tor, and  these  by  their  form  and  by  their  changes,  indicate  that  when 
we  look  towards  this  planet,  we  see  little  more  than  the  cloud  masses 
of  its  watery  atmosphere,  drawn  out  into  such  zone-like  lines,  by 
the  action  of  trade  winds. 

You  now  see  in  turn,  the  planet  Saturn,  with  his  eight  satel- 
lites and  his  rings.  These  last,  which  have  since  their  disco verv 
been  among  the  mysteries  of  the  universe  which  seem  to  defy 
human  ingenuity,  are  now  believed  to  be,  not  continuous  masses  of 
matter,  but  troops  of  satellites,  minute,  innumerable,  closely  arrayed, 
yet  moving  in  independent  harmony.  A  choral  band,  sv/eeping  in 
majestic  measure  round  their  ruling  centre  and  primary. 

Among  our  reasons  for  so  regarding  them,  the  most  prominent 
are  these :  AVhen  they  have  been  in  such  position  as  to  be  seen 
edgewise,  breaks  have  been  observed  in  their 
substance,  as  is  shown  in  the  figure.  Now,  a 
break  in  a  continuous  ring,  it  is  easy  to  prove, 
must  result  in  its  speedy  destruction  of  form 
and  coagulation  into  a  globe,  without  the  pos- 
sibility of  a  restoration  to  the  annular  shape, 
but  in  a  swarm  of  circling  planets,  such  gaps  might  naturally  occur 
from  time  to  time,  and  close  again  without  disturbance. 

Other  changes  inconsistent  with  the  continued  existence  of  a  con- 
tinuous mass,  are  "Iso  noticed,  such  as  the  longitudinal  splitting  of 
the  rings,  and  it  is  also  believed  that  a  scattered  interior  mass  of 
these  minute  planets  has  formed  within  the  inner  ring  in  modern 
times,  being  the  result  of  collision  and  consequent  in-falling  of  the 
revolving  fragments.  This  cloud,  called  "the  veil,"  was  first  seen 
in  1850  by  Bond  and  Dawes,  with  difHculty,  in  their  powerful 
instruments,  but  is  now  easily  discerned  with  an  objective  of  out 
four  inches  aperture. 

(To  be  continued.) 
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(Continued  from  page  284.) 

The  surgeons  in  charge  of  the  splendid  hospitals  built  in  and 
around  Philadelphia  during  our  late  war,  made  verbal  and  written 
protests  against  having  these  hospitals  ventilated  in  winter,  because 
the  form  adopted  by  the  Government  was  a  little  varied  (for  the 
purpose  of  adapting  it  especially  to  these  temporary  buildings) 
from  the  time-honored  forms  to  which  they  had  been  accustomed 
from  their  childhood  up.  There  is  one  great  comfort  to  you  in  this 
characteristic  of  your  regular  physicians  : — if  your  doctor  was  to 
offer  you  a  medicine  you  were  not  accustomed  to,  do  not  have  the 
slightest  hesitation  in  taking  it,  for  you  may  rest  perfectly  assured 
that  it  has  been  tried  in  every  hospital  in  the  land,  and  that  it  is  in 
common  use  in  every  other  city  in  the  Union  before  it  is  offered  to  you. 

It  seems  to  me  a  little  unfortunate  that  our  physicians  have 
fallen  into  this  quiet,  easy  way  of  gliding  around- so  elegantly,  with 
their  hands  in  their  pockets  and  their  brains  in  their  medicine 
boxes.  Now,  this  is  not  because  these  physicians  do  not  really 
know  better,  because,  if  you  were  to  attend  their  lectures  you  would 
find  them  discoursing  very  eloquently  on  the  great  importance  of 
the  functions  of  respiration,  and  the  importance  of  pure  air  in  all  cases. 

Note. — If  you  should  happen  to  find  the  Professor  lecturing 
thus  in  a  close,  unventilated  room,  smelling  very  badly,  this,  you 
must  remember,  is  a  strong  argument  of  their  appreciation  of  pure 
air — as  you  know  doctors  never  take  their  own  medicine.  Or,  if 
j''0u  were  to  go  into  the  office  of  an3'  one  of  them,  and  take  up  any 
of  the  standard  text  books  on  their  tables,  you  will  find  that  all 
eminent  medical  writers  lay  very  great  stress  upon  the  necessity 
for  the  most  perfect  urentilation  at  all  times.  They  consider  it  of 
greater  importance  than  eating,  drinking  and  medicine  in  the  pre- 
vention and  cure  of  disease.  For  instance,  here  is  Carpenter's  Hu- 
man Physiology,  which,  in  summing  up  a  very  elaborate  article  on 
Respiration,  says,  page  326: 

"Thus it  appears  that  in  all  climates,  and  under  all  conditions  of 
life,  the  purity  of  the  atmosphere  habitually  respired  is  essential  to 
the  maintenance  of  that  power  o^  resisting  disease  which,  even  more 
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than  the  ordinary  state  of  health,  is  a  measure  of  the  real  vigor  of 
the  system.  For,  owing  to  the  extraordinary  capability  which  the 
human  body  possesses  of  accommodating  itself  to  circumstances,  it 
not  unfrequently  happens  that  individuals  continue  for  years  to 
breathe  a  most  unwholesome  atmosphere  without  apparently  suf- 
fering from  it,  and  thus  when  they  at  last  succumb  to  some  epi- 
demic disease,  their  death  is  attributed  solely  to  the  latter,  the  pre- 
vious preparation  of  their  bodies  for  the  reception  and  development 
of  the  zymotic  poison  being  altogether  overlooked. 

"  It  is  impossible,  however,  for  any  one  who  carefully  examines 
the  evidence,  to  hesitate  for  a  moment  in  the  conclusion  that  the 
fatality  of  epidemics  is  almost  invariably  in  precise  proportion  to 
the  degree  in  which  an  impure  atmosphere  has  been  habituallv  re- 
spired, *  *  *  and  that  by  due  attention  to  the  various  means 
of  promoting  atmospheric  purity,  and  especially  efficient  ventilation 
and  sewerage,  the  rate  of  mortality  may  be  enormously  decreased, 
the  amount  and  severity  of  sickness  lowered  in  at  least  an  equal 
proportion,  and  the  fatality  of  epidemics  almost  completely  annihi- 
lated. And  it  cannot  be  too  strongly  borne  in  mind,  that  the  effi- 
cacy of  snch preventative  measures  has  been  most  fully  substantiated 
in  regard  to  many  of  the  very  diseases  in  which  the  curative 
power  of  medical  treatment  has  seemed  most  doubtful,  as,  for  ex- 
ample, in  cholera  and  malignant  fevers. 

'•  The  practical  importance  of  this  subject  may  be  estimated  from 
the  startling  fact,  which  inquiries  prosecuted  under  the  direction  of 
the  Board  of  Ilealth  have  recently  brought  to  light,  viz  :  that  the 
difference  in  the  annual  rates  of  mortality  between  the  most  healthy 
and  the  most  unhealthy  localities  in  p]ngland,  amounting  to  no  less 
than  3-i  in  1000.  is  almost  entirely  due  to  zymotic  diseases,  which 
might  be  nearly  (if  not  completely)  exterminated  by  well-devised 
sanitary  arrangements.  The  loicest  actual  mortality  is  11  per  1000, 
while  the  highest  is  45  per  1000,  and  between  these  extremes  there 
is  every  intermediate  degree  of  range.  But  what  may  be  termeil 
the  inevitable  mortality,  arising  from  diseases  which  would  not  be 
directly  affected  by  sanitary  improvements — is  a  nearly  constant 
quantity  throughout,  namely,  the  11  per  1000  of  those  districts 
which  are  free  from  zymotic  diseases. 

"The  average  mortality  of  all  England,  in  ordinary  years,  is 
about  22  per  1000,  or  just  double  that  to  which  it  might  be  reduced  ; 
so  that  taking  the  population  of  England  and  Wales  (as  by  the  last 
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census)  at  nearly  18,000,000,  tlie  average  annual  mortality  must  be 
396,000,  of  which  only  198,000  is  inevitable^  an  equal  amount  being 
irreventahler 

Thus  you  see  these  physicians  tell  you  that  one-half  of  all  the 
sickness  and  death  are  ^^  preventable.''^  They  don't  say  they  can  cure 
them  with  their  medicines,  but  that  they  are  preventable,  and  that 
the  great  means  they  recommend  for  accomplishing  this  wonderful 
work  is  pure  air — ventilation.  But,  although  they  have  said  this, 
and  re-said  it,  for  the  last  fifty  years,  yet  it  has  seemed,  as  Dr.  Ham- 
ilton has  said,  a  herculean  task  to  make  the  public  at  large  com- 
prehend it.  So  that  a  whole  life  spent  in  teaching  the  value  of 
pure  air  has  seemed  to  be  a  whole  life  almost  wasted. 

The  extracts  that  I  have  just  read  were  written  more  than  ten 
years  ago.  But  the  very  careful  investigations  that  have  been 
since  conducted  by  many  able  and  scientific  hygienists^  only  more 
fully  prove  these  assertions.  Perhaps  no  city  presents  a  stronger 
contrast  between  her  healthy  and  unhealthy  wards  than  does  the 
city  of  New  York. 

Dr.  Harris  says  of  one  of  the  most  densely  populated  wards  of 
New  York,  the  Seventeenth,  that  the  death  rate  has  been  for  several 
years  less  than  17  to  the  1000,  and  even  during  the  terrible  heat  of 
July,  ^Q6,  the  uniform  low  mortality  of  that  ward  was  scarcely 
affected.  The  death  rate  in  this  ward,  with  its  27,000  inhabitants, 
was,  during  the  six  months  ending  October  1st,  (including  the 
cholera  summer)  only  16|-  to  the  1000.  In  the  same  period  the 
mortality  in  the  notoriously  foul  Sixth  Ward  was  54  to  the  1000. 
And  although  the  death  rate  of  Philadelphia  is  exceedingly  favor- 
able, by  comparison  with  some  other  cities,  as,  for  instance.  New 
York,  where  it  is  about  30  to  33,  while  in  Philadelphia  it  was  but 
20  deaths  to  the  1000  of  population,  yet,  you  see  even  that  is 
nearly  double  what  it  should  be — that  it  would  only  be  11  per  thou- 
sand if  we  could  only  avoid  those  zymotic  diseases,  or  such  as  are 
caused  exclusively  by  foul  air  poisons. 

And  I  believe  with  an  extra  ton  of  coal  for  each  family,  and  an» 
extra  blanket  for  each  bed,  so  that  every  chamber  might  be  opened, 
this  night,  the  one-quarter  of  one  inch,  to-morrow  night  two-quar- 
ters, and  the  next  night  three-quarters,  and  so  on  until  every  cham- 
ber could  be  kept  the  whole  night  in  a  pure  and  wholesome  con- 
dition, and  never  after  closed,  we  could  do  much  towards  saving 
the  6000  or  7000  lives  due  to  this  proper  death  rate  of  11  to  the 
1000. 
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But  now  I  have  a  word  to  say  to  you,  the  people  that  employ 
these  physicians.  They  have  a  good  deal  of  human  nature  about 
them  after  all — they  are  not  so  very  different  from  the  people 
amongst  whom  they  live  and  by  whom  they  are  employed.  And 
now,  I  don't  suppose  there  is  a  city  in  the  United  States  in  which  a 
physician  has  to  be  more  exceedingly  careful  of  his  repxitation  than 
in  this  very  city  of  Philadelphia.  And  I  happen  to  know  some- 
thing of  the  reasons  for  omitting  to  prescribe,  more  frequently,  fresh 
air  as  the  medicine  most  needed  for  their  patients.  How  many  of 
you,  if,  being  sick,  were  to  have  a  physician  to  call  frequently,  and 
just  say  to  you.  "  All  you  need  is  more  fresh  air,"  would  you  not 
say,  in  your  mind  (if  not  out  of  it),  "  Well,  I  think  I  can  attend  to 
getting  a  little  fresh  air  myself,  without  paying  that  doctor  two 
dollars  per  day  for  telling  me  that,  and  I  think,  upon  the  whole,  I 
will  get  some  doctor  that  will  do  something  for  me."  So  you  will 
pFobably  send  for  some  man  you  have  heard  of,  as  making  some 
wonderful  cures  of  some  friends,  and  if  he  should  happen  to  be  a 
regular  shrewd  humbug,  he  would  make  a  wonderful  account  of 
your  disease,  and  finally  tell  you  he  thought  he  had  something  that 
would  just  suit  your  case,  and,  as  before  illustrated,  would  com- 
mence pouring  turpentine  or  kerosene  oil  on  your  fires,  by  which 
he  would  create  a  great  smoke  and  temporary  blaze,  and  this  would 
induce  you  to  exclaim,  "  What  a  wonderful  man  I  he  does  some- 
thing ;"  and  if  he  could  get  you  out  into  the  fresh  air,  tltat  would 
soon  cure  you,  perhaps,  while  you  would  be  giving  all  the  credit  to 
his  medicine,  and  the  dollars  to  him  for  his  trash. 

I  know  some  physicians,  of  most  excellent  good  common  sense, 
who  have  ideas  of  their  own,  and  independence  enough  to  express 
them,  and  have  much  more  faith  in  good  hygienic  rules  and  regu- 
lations, who  prescribe  pure  air,  pure  water,  good  wholesome  food, 
and  plenty  of  exercise,  but  seldom  prescribe  medicine.  These  men 
would  have  to  beg  their  bread  if  they  had  to  depend  exclusively  on 
popular  custom  for  their  living. 

•  And  now  let  us  take  a  new  start.  Let  us  put  our  shoulders  to 
the  wheel  manfully.  We  have  made  a  most  excellent  beginning 
during  the  year  1867,  and  our  journalists,  too,  could  they  be 
induced  to  give  a  line  or  two  every  day  for  some  good  hints  as  to 
the  value  of,  and  the  best  means  of  obtaining  pure  air,  such  results 
might  be  obtained  as  would  astonish  the  world,  and  would  give 
one  of  the  grandest  examples  of  hygienic  reformation  ever  recorded. 

(To  be  Continued.) 
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Proceedings  of  the  Stated  Monthly  Meeting,  September  15th,  1868. 

The  meeting  was  called  to  order  with  the  Vice-President,  Mr. 
Coleman  Sellers,  in  the  Chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  the  donations  to  the  Library  received  since  the  last 
meeting  of  the  Institute,  from  the  Royal  Astronomical  Society,  the 
Eoyal  Geographical  Society,  the  Royal  Institution,  the  Society  of 
Arts,  the  Chemical  Society,  the  Zoological  Society,  the  Statistical 
Society,  the  Institute  of  Actuaries,  London ;  the  Association  for  the 
Prevention  of  Steam  Boiler  Explosions,  Manchester,  England ;  the 
Geological  Survey  of  India,  Calcutta,  India ;  I'academie  des  Sciences, 
la  Soci^t6  d'encouragement  pour  I'industrie  Nationale,  Paris;  la 
Sociutc  Industrielle,  Mulhouse,  France;  der  Osterreichen  Ingenieur- 
veriens,  der  K.  K.  Geologischen  Reichsanstalt,  Vienna,  Austria 
Muss^e  Teyler,  Ilaarlem,  Holland ;  the  Smithsonian  Institution) 
Hon.  Charles  O'Neill,  Frederick  Emmerick,  Washington,  D.  C; 
the  Mercantile  Library  Association,  San  Francisco,  California ;  the 
Illinois  and  St.  Louis  Bridge  Company,  St-  Douis,  Missouri;  Wil- 
liam F.  Roberts,  Bethlehem,  Pennsylvania;  B.  II.  Bartol,  Esq.,  and 
Frederick  Fraley,  Esq.,  Philadelphia. 

The  Standing  Committees  reported  their  minutes. 

The  report  of  the  Secretary  on  Novelties  in  Science  and  Art  was 
read.     After  which  the  meeting  on  motion,  adjourned. 

Henry  Morton",  Secretary. 
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On  the  Construction  of  Iron  Roofs.     By  Francis  Campin. 

We  have  received,  from  Mr.  Van  Nostrand,  (192  Broadway,  New 
York,)  what  we  believe  to  be  the  first  example  of  a  book  printed 
throughout  by  the  Photo-Lithographic  process,  a  fact  that  deserves 
more  than  a  passing  notice.  Of  course,  this  process  can  only  be 
applied  in  the  case  of  a  reprint,  and  produces,  from  necessity,  a 
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copy  that  would  satisfy  the  most  exacting  Chinaman.  None  but  an 
expert  would  dream  that  this  book  was  printed  by  other  than  regu- 
larly set-up  type.  The  letters  are  clear,  and  stand  out  beautifully 
upon  the  fine  toned  paper  upon  which  they  are  printed.  The  plates 
appear  as  fac-simile  lithographs,  and  cannot  be  made  to  look  better 
than  the  original.  On  the  whole,  it  is  a  most  successful  specimen 
of  the  new  art  of  Photo-Lithography,  and  the  manner  of  its  "  get 
up "  is  creditable,  in  the  highest  degree,  to  its  enterprising  pub- 
lisher. So  much  for  the  appearance  and  mechanical  execution  of 
this  book,  and  we  turn  now  to  its  contents. 

As  noticed  above,  it  is  a  reprint  from  an  English  work,  that  has 
been  most  favorably  met  by  the  profession.  It  is  divided  into 
three  parts :  Introductory,  Theoretical  and  Practical. 

The  first  part  is  a  concise  statement  of  the  proposed  treatment  of 
the  subject,  under  the  two  topics  of  "  roofs  proper  "  and  "domes." 
In  the  former  class  are  included  those  supported  by  arched  struc- 
tures, lattice  girders  and  trusses.  The  second  comprises  the  vari- 
ous forms  of  domes.  The  author  having,  in  two  former  volumes, 
considered  the  usual  arrangements  for  covering,  he  restricts  him- 
self in  the  one  before  us  to  the  analysis  of  the  ribs  or  girders, 
with  some  practical  examples. 

The  second  part,  upon  the  "  Theory  of  Roof  Construction,"  is 
most  excellent.  Clearly  stated,  with  a  simplicity  of  analysis,  by 
which  the  tyro  in  engineering  could  get  a  complete  insight  into  the 
action  of  forces  upon  such  structures.  The  subject  is  entirely 
divested  of  the  "  higher  mathematics  "  some  writers  seem  to  consider 
essential  to  a  proper  understanding  of  mechanical  construction.**, 
thus  making  a  "  terra  incognita  "  of  what  ought  to  be  at  the  finger's 
end  of  every  engineer.  The  consideration  of  the  arch  form  for 
roofs  is  incomplete,  from  the  fact  that  no  method  of  investigating 
the  bending  action  of  a  load  is  given,  although  this  question  is  not 
ignored  by  the  author.  He  considers  that  it  will  be  amply  suHi- 
cient  merely  to  calculate  the  direct  thrust  at  the  corner  and 
haunches,  methods  for  doing  which  he  gives  on  p.  21. 

This  is  all  very  well  for  ordinary  spans ;  but  it  seems  to  us  that 
in  enormous  spans  like  the  great  roof  of  the  St.  Pancras  Station, 
the  bending  moment  is  of  too  serious  a  nature  to  be  neglected. 

The  third  part  is  devoted  to  practical  illustrations  of  the  theory 
developed  in  the  second,  merely  substituting  for  trigonometrical 
expressions  their  "  line  values,"  which  simplifies  the  computations 
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greatly.  We  notice  one  error  on  p.  31,  wliicli  could  not  be  avoided, 
as  the  process  employed  for  printing  must  necessarily  copy  all  the 
errors  of  the  original.  The  error  is  not  of  much  consequence,  as  it 
is  easily  discoverable.  The  notation  makes  L=ad,  when  it  should 
be  L^ab.  The  author,  in  his  remarks  upon  workshop  construc- 
tion, gives  thoroughly  English  views,  which  are  far  behind  our 
American  practice.  Not  that  Americans  have  done  greater  work 
than  the  English,  but  that  the  American  engineer  has  usually  an 
eye  for  much  simpler  details.  The  author  lays  much  stress  upon 
a  proper  arrangement  for  adjusting  the  parts.  This  not  only  neces- 
sitates considerable  expense  in  the  way  of  screws  and  turnbuckles, 
but  also  is  a  dangerous  temptation  to  every  mechanic  employed  in 
its  raising,  every  one  of  whom  has  his  idea  of  "  adjustment."  In 
our  best  American  examples,  all  our  roofs  are  laid  out  by  template, 
and  are  either  bolted  or  rivetted,  in  an  unalterable  shape,  before 
leaving  the  shop.  When  raised,  the  rafters  all  pitch  in  the  same 
plane,  to  an  exactness  impossible  in  trusses  adjusted  by  screws. 
Then,  too,  where  the  English  use  built  sections  of  "angles,"  "  plates" 
and  "  ties,"  we  use  solid  rolled  sections,  which  simplifies  the  whole 
construction.  Latterly  some  of  our  leading  engineers  are  using 
wrought  iron  shoes,  instead  of  cast,  a  marked  improvement  on 
former  practice.  The  plates  are  full-page  lithographs,  of  a  conser- 
vatory roof  with  details,  the  Broad  Street  Station  of  the  London 
and  North-western  Railway,  and  the  novel  roof  of  the  city  terminus 
of  the  Charing  Cross  Railway.  These  three  roofs  occupy,  in  all, 
eight  plates. 

This  is  not  a  voluminous  work  on  roofs,  but,  as  far  as  it  goes,  is 
very  complete,  and  an  excellent  office  companion ;  and  to  any  engineer 
who  needs  a  work  upon  this  subject,  the  contents  of  which  he  can 
apply  to  his  own  practice  with  little  labor,  we  take  pleasure  in 
recommending  this  work  of  Mr.  Campin  as,  in  many  respects,  the 
best  we  have  seen. — B. 


The  Workshop.  Edited  by  Prof.  W.  Baumer  and  I.  Schnorr  and 
others.  No.  8.  Published  by  E.  Steiger,  17  N.  William  Street, 
New  York. 

We  noticed,  some  time  since,  the  first  numbers  of  this  excellent 
publication,  (which,  in  its  English  form,  originated  with  the  present 
year,)  and  remarked  upon  the  beauty  and  admirable  execution  of 
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the  engravings  of  architectural  and  other  ornaments  with  which  it 
is  filled.  (See  this  Journal,  Vol.  LV.,  p.  425.)  We  will  at  present, 
therefore,  only  call  the  attention  of  our  readers  to  the  fact,  that  its 
admirable  character  is  fully  maintained,  and  the  present  number  is, 
like  its  predecessors,  unrivalled  by  any  publication,  both  as  regards 
the  beauty  of  its  designs  or  the  excellent  style  of  their  execution. 
In  addition  to  its  former  contents,  the  work  now  has,  and  is  to  pos- 
sess in  future,  if  adequately  supported,  a  supplement,  containing 
useful  information  and  advertisements. 


The  Mechanics'  Tool  Booh,  with  Practical  Rules  and  Suggestions  for 
use  of  Machinists,  Iron-'Workers  and  others.  By  W.  B.  Har- 
rison, Associate  Editor  of  the  American  Artisan.  D.  Van  Nost- 
rand,  New  York. 

This  little  work  will  be  found  of  great  use  by  those  for  whom  it 
is  intended,  namely,  those  conducting  or  employed  in  small  shops, 
where  a  few  simple  tools,  such  as  ordinary  lathes  and  planers,  are 
alone  to  be  found,  and  must  be  made  to  do  the  work  which  is  to  be 
executed.  It  does  not  touch  upon  the  practice  of  the  large  shops, 
where  final  economy  is  attained  by  original  large  outlay  in  special 
machinery  for  each  variety  of  work,  where,  to  use  a  familiar  ex- 
pression, somewhat  suggestive  of  the  story  about  "  the  house  that 
Jack  built,"  a  machine  is  made  to  make  a  machine  to  make  a  ma- 
chine. 

The  author  is  evidently  familiar  with  tlie  subject  he  treats,  and 
is  evidently  relating  his  own  experience,  and  describing  the  pro- 
cesses which  he  has  executed  with  his  own  hands.  Considering  its 
l)robable  readers,  one  sort  of  errors  with  which  it  abounds  are  per- 
haps of  little  consequence,  but  it  would  have  done  much  more 
credit  to  its  publisher  had  the  number  of  typographic  and  gram- 
matical mistakes  been  reduced  to  more  moderate  limits.  Thus 
there  are  not  many  pages  with  less  than  two,  and  some,  like  page 
44,  with  as  many  as  five  of  such  signs  of  careless  proof-reading. 
E,  g.  p.  44,  "  are"  for  "  is"  twice,  "  slope"  for  "  shape"  twice,  and  the 
word  "  or"  repeated. 
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A  Comparison  of  some  of  the  Meteorological  Phenomena  0/ Skptkmber,  1868,  m>»7/* 
those  of  September  1867,  and  of  the  same  month  for  eighteen  ycaj-s,  at  Philadel- 
phia, Pa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  Kiver.  Latitude 
■69°  57^'  N.;  Longitude  75°  11^^  W.  from  Greenwich. 

PATRICK,  A.  M. 


Bv  James  A.  Kirk- 


September, 

September, 

September, 

1868. 

1867. 

for  18  years.  : 

Tr*U/»T»i>ir»r¥iotf»T TTifTVipst — decrree.  ..>•••••• 

88-00° 

86  03° 
19th. 

95 -OO*      i 

12th,  '66.     i 

85-20         1 

date 

12th. 

Warmest  day — mean  .. 

82-83 

77-83 

"             ♦'       date 

12th. 

6th. 

6th, '54. 

Lowest — degree 

48  00 

43-00 

39.(10 

»'         ^ate 

17th. 

30th. 

25th,  '56. 

Coldest  day — mean 

54-67 

50-00 

5()-C0 

'•        "       date 

24th. 

30th. 

30th,  '67. 

Mean  daily  oscillation... 

11-83 

14  52 

15-72 

"         "    ranee 

5-70 

5-36 

4-7& 

Means  at  7  a.  m 

64-10 

63-12 

63'31 

'•           2  p.  m 

72-18 
67-37 
67-88 

73-62 
66-80 
67-84 

74  48 
67^(I8 
68-29 

•«           9  p.  M 

"       for  the  month.... 

Rarntnfttpr TTlcrllCSt inchcS 

30441 

30-466 

30-466 

"        date 

19th. 

24th. 

24th,  '67. 

Greatest  raeandaily  pressure 

30-367 

30392 

30-392 

"        "        "        date... 

19th. 

24th. 

24th,  '67. 

Lowest — inches 

29-764 
25th. 

29-623 
29th. 

29-281 
18th,  '63. 

"        date 

Least  mean  daily  pressure... 

29-817 

29-726 

29-403 

"        "        "       date... 

25th. 

29th. 

16th,  '58. 

Mean  daily  range 

0-123 

0-136 

0-122 

Means  at  7  a.  m 

30-046 

30-084 

29-963 

"        2  p.  M 

29-997 

80  021 

30-022 

0-846 

30050 

30  058 

30064 

0-812 

29  920 

29-944 

29  942 

0-991 

'<         9  p.  M 

•'   for  the  month 

Force  of  Vapor — Greatest — inches 

"          date  

11th. 
-172 

17th. 
•473 
•503 
•505 
-494 

17th. 
•125 

30th. 
-485 
•531 
•528 
•514 

6lh,  '54. 
-125 

30th,  '67. 
•48a 
•503 
•519 
•501 

Least — inches 

"     date 

Means  at  7  a.  m 

"         2  p.  M 

"         9  p.  M 

"    for  the  month... 

Relative  Humidity — Greatest — percent 

97-0 

95-0 

1000 

"         date 

23d. 

3d  &  5th. 

2d,  '54. 

Least — per  cent. ... 

34  0 

28-0 

23-0 

"    date 

18th. 

30th. 

30th,  '67. 

Means  at  7  a.  m.... 

74-8 

80-2 

78-2 

"         2  p.  M.... 

60-5 

61-4 

57-2 

"         9p.  M.... 

72-8 

76  9 

745 

"  for  the  month 

69-4 

72-8 

70-0 

Clouds — Number  of  clear  days* 

7- 
23- 

11- 
19^ 

105 
19-5 

"              cloudy  days 

Means  of  sky  covered  at  7  a.  m 

73-0 

66-3  per  ct 

59  4 

u                  a                «(            2  p.  M 

68-7 

49-3 

63-1 

<<            "            "        9p.  m 

59  0 

41-7 

38-4 

««            "        for  the  month 

60  9 

52-5 

50  3 

Ibftin — Amount — inches  ...•• • 

8-61 
14- 

1  8-50 
7* 

4-529 
8-6 

No.  of  days  on  which  rain  fell 

Prevailing  Winds— Times  in  1000 

s54°3'w.082 

n69°46V.125 

n89°30'w.169 

*  Sky  OD»-tbird  or  1m8  covered  at  tUe  hours  of  Obsorvation. 
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ITEMS  AND  NOVELTIES. 

Soda  Water  Apparatus — continued. — In  our  is.sue  of  Octo- 
ber, we  described  several  of  the  excellent  raacliines  iu  connection 
with  the  above  subject,  which  had  been  devised  and  were  now  em- 
ployed by  Mr.  John  Matthews,  of  New  York,  and  we  then  promised 
further  particulars  for  our  next  number.  A  portion  of  the  jjresent 
notice,  was,  in  fact,  in  type,  but  was  crowded  out  by  other  matter 
which  came  in  late,  and  yet  with  an  imperative  demand  for  ad- 
mission. 

Among  the  mo.st  important  of  the  new  arrangements  devised  and 
introduced  by  Mr.  Matthews,  is  that  for  bottling  aerated  liquids 
under  pressure;  this  apparatus,  with  the  aid  of  the  accompanying 
illustration,  we  will  now  explain. 

In  the  usual  method  of  bottling,  the  pressure  of  gas  on  the  aerated 
liquid  in  the  fountain,  drives  the  water  through  a  tube  into  the 
bottle.  As  the  liquid  enters  the  bottle,  at  first,  under  no  pressure, 
Vol.  LVI.— Third  Series.— No.  C— Dkckmhkk,  18G8.  46 
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a  large  part  of  its  previously-absorbed  gas  escapes,  together  with  the 

air  in  the  bottle  from 
the  weighted  valve  on 
the  bottling  machine. 
The  escaping  gas  causes 
foaming  of  the  liquid, 
which,  becoming  en- 
tangled with  this  es- 
caping gas,  causes  large 
leaks,  especially  if 
wines  or  liquids  con- 
taining sugar  or  ex- 
tractive matter  are  bot- 
tled. Owing  to  the  dis- 
turbance caused  by  the 
agitation  and  escape  of 
gas,  the  liquid,  when 
closed  in  the  bottle, 
will  frequently  reab- 
sorb a  portion  of  the 
gas  in  the  space  above 
the  liquid,  causing  con- 
siderable reduction  of 
pressure.  To  compen- 
sate for  this  reduction, 
as  well  as  for  the  excess 
of  pressure  necessary 
to  open  the  escape- 
valve,  so  that  the  bot- 
tle may  fill  rapidly,  the 
employment  of  a  much 
higher  pressure  is  re- 
quired in  the  fountain 
than  in  the  bottle. 

The  system  here 
shown  is  designed  to 
obviate  these  objec- 
tions; and  reports  from 
the  bottlinpr  establish- 
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raents  having  it  in  practical  use,  are  conclusive  as  to  its  success. 
In  tliis  system  there  is  no  escape- valve  at  the  bottling  machine,  and 
the  aerated  liquid  is  kept  under  constant  pressure  during  the  entire 
operation  of  bottling.  All  the  bottles  filled  by  this  system  are  of 
equal  pressure,  and  the  same  pressure  as  the  liquid  in  the  fountain. 
The  fountain,  or  reservoir  is  elevated  above  the  bottling  machine, 
and  tubes  communicating  with  the  aerated  liquid,  and  also  with  the 
compressed  gas  in  the  fountain,  descend  to  the  bottling  machine. 
The  bottle,  being  brought  to  the  filling  machine,  is  first  charged 
with  gas  from  the  upper  or  gas  tube,  and  then  communication  is 
made  with  the  lower  part  of  the  fountain,  the  liquid  descends  to 
the  bottle,  and  there  displaces  the  gas,  which  is  thus  returned  to 
the  fountain. 

The  opening  of  the  gas-valve  is  automatic :  by  simply  raising  the 
hand-lever,  which  elevates  the  gas-tube  in  the  bottle,  the  communi- 
cation is  opened  with  the  compressed  gas  in  the  fountain.  If  the 
bottle  is  filled  in  an  inverted  position  (as  when  gravitating  stoppers 
are  used),  the  gas-tube  is  raised  in  the  bottle  to  the  height  to  which 
it  is  desired  to  fill  the  bottle.  This  ensures  filling  the  bottles  all 
to  the  same  height,  and  prevents  over-filling  and  consequent  break- 
age. Still  liquids,  or  liquids  not  yet  having  generated  carbonic 
acid  gas  by  fermentation,  can  be  readily  filled  into  bottles  by  this 
system  without  exposing  tliem  to  the  action  of  atmospheric  air. 

If  it  is  desired  to  bottle  them  in  bottles  requiring  an  external 
pressure  to  sustain,  or  to  close  the  stopper,  the  barrel  or  other 
reservoir  containing  the  liquid  may  be  separated  from  the  gas 
reservoir,  and,  after  drawing  off  the  liquid  into  the  bottle,  a  small 
quantity  of  compressed  gas  may  be  admitted  by  depressing  the 
hand-lever  and  opening  the  appropriate  valve.  This  system,  for 
liquids  under  pressure,  and  for  still  liquids,  is  now  in  successful 
practical  use  in  a  large  number  of  establishments  in  the  United 
States,  and  in  several  in  foreign  countries.  The  saving  of  materials 
used  to  generate  the  gas  is  estimated  to  be  fully  30  per  cent.,  as 
compared  with  the  usual  method,  and  as  the  beverage  docs  not  lose 
its  absorbed  gas  by  expansion  to  a  lower  pressure  than  that  in  the 
fountain,  the  low  pressure  employed  in  this  system  produces  equally 
good  results,  besides  avoiding  much  of  the  breakage  and  other 
losses  inseparable  from  the  usual  method. 

Another  of  the  ingenious  contrivances  in  use  by  Matthews,  is  the 
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arrangement  shown  in  the  accompanying  cut,  which  may  bo  de- 
scribed as  follows : 

A  large  ovoid  glass 
vessel,  having  a  ca- 
pacity of  5  to  10  gal- 
lons, is  provided 
with  a  strong  iron 
casing,  capable  of 
safely  supporting 
any  pressure  to 
which  the  apparatus 
would  ever  be  sub- 
jected. In  this  casing 
the  glass  vessel  is 
supported  by  large 
blocks  of  sheet  rub- 
ber or  other  elastic 
packing  A  delivery 
tube  is  also  attached, 
as  shown  in  the  cut, 
and  descends  nearly 
to  the  bottom,  while 
communication  is 
made  by  means  of  a 
small  orifice  at  the 
top,  between  the  in- 
terior of  the  glass 
vessel  and  -the  space 
batwecn  it  and  the  exterior  shell.  By  this  means  the  pressure  is 
equilibriated  on  the  glass  vessel,  and  is  wholly  sustained  by  the  ex- 
terior case. 

The  advantages  of  this  arrangement  for  beverages  under  pressure, 
which  are  to  be  kept  on  hand  for  a  long  time,  are  too  obvious  to 
need  comment.  We  will  only  remark,  that  a  large  number  of 
these  fountains  are  in  successful  operation. 

ftuincy  Railroad  Bridge  across  the  Mississippi  in  Illinois. 
We  see,  in  the  Chicago  Tribune^  an  account  of  the  opening  of  this 
bridge,  which  was  tested  and  examined  by  the  Engineers,  Directors 
and  others,  on  the  7th  of  November.     We  subjoin  the  following 
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account  of  this  work,  for  -vvbich  we  are  indebted  to  the  above 
journal. 

The  Bridge  Company  was  organized  on  the  20th  of  November, 
1866,  by  the  amalgamation  of  two  incorporated  companies,  one 
chartered  by  the  General  Assembly  of  Illinois,  and  the  other  by 
the  Leifislature  of  Missouri.  It  took  the  name  of  the  "  Quincy 
Railroad  Bridge  Company."  Nathaniel  Bushnell,  of  Quincy,  was 
made  President ;  James  F.  Joy,  of  Detroit,  Managing  Director ;  C. 
A.  Savage,  of  Quincy,  Secretary;  A.  T.  Hall,  of  Chicago,  Treasurer; 
N,  Flagg,  of  Quincy,  General  Agent;  J.  L.  Lathrop,  of  llanuibal. 
Auditor;  W.  Colbern,  of  Toledo,  Consulting  Engineer ;  and  T.  C. 
Clarke,  of  Chicago,  Chief  Engineer, 

Surveys  were  made,  the  bridge  located  at  once,  and  the  work 
commenced.     The  main  bridge,  that  which  spans  the  main  branch 
of  the  river,  consists  of  two  draw  spans,  160  feet  each,  making  the 
length  of  the  draws,  or  rather,  swing,  360  feet.     Two  spans  of  250 
feet,  three  of  200,  and  eleven  of  157  each,  making  a  total,  with  the 
mason-work,  of  3,250,  constitute  the  main  bridge.     The  embank- 
ments and  trestle-work  between  are,  1,400  feet  in  length ;   bay 
bridge,  613  feet;  one  draw,  190  feet  long;  and  four  spans  of  85  feet 
each.     Total  length  of  the  bridge  and  embankments,  from  the  Chi- 
cago, Burlington  and  Quincy  to  the  St.  Joseph  tracks,  nearly  two 
miles.     The  bridge  is  elevated  ten  feet  above  high-water  mark,  and 
twenty  feet  above  low-water  mark,  on  stone  piers,  the  stone  coming 
from.  Grafton,  Mo.,  and  Hamilton,  111.     The  superstructure  is  en- 
tirely of  iron,  and  on  the  Pratt  truss  principle.     The  masonry  and 
foundations  are  the  work  of  the  Bridge  Company,  under  the  imme- 
diate direction  of  T.'C.  Clarke,  Esq.,  Chief  Engineer.     The  total 
cost  of  the  bridge  is  81,500,000.     The  bridge  is  so  proportioned 
that  a  train  of  two  locomotives  and  the  heaviest  freight  cars  strain 
the  iron  only  about  7,500  pounds  to  the  inch,  while  its  ultimate 
strength  is  60,000  pounds  to  the  square  inch.   Strength,  before  any 
permanent  stretch  begins  to  be  seen,  28,000  pounds  to  the  square 
inch.     Every  piece  of  wrought  iron  in  the  ties,  links,  bolts,  &c., 
was  tested  in  a  hydraulic  press  up  to  23,600  pounds  to  the  square 
inch,  and  struck  with  a  hammer,  while  under  tension,  before  being 
used  in  the  bridge.     The  first  stone  of  the  structure  was  laid  Sep- 
tember 25th,  1«67,  and  the  last  stone  August  5th,  1868.     It  was 
opened  for  traffic  November  7th,  1868.     The  season  of  1867  was 
such  as  to  prevent  the  commencement  of  the  foundation  before 
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September,  1867.     It  should  have  been  begun  in  June  of  that 
year. 

On  the  occasion  of  the  above-mentioned  testing  and  examination 
of  the  bridge,  a  report  was  drawn  up  and  signed  by  the  various 
engineers  present,  and  this  we  here  quote  in  full, 

"  QuiNcy,  November  7ih,  1868. 

"  The  railroad  bridge  over  the  Mississippi,  at  this  place,  is  now 
completed,  and  will  be  put  in  use  for  freight  and  passengers  on 
Monday  next.  It  has  been,  to-day,  subjected,  in  the  presence  of 
a  party  of  engineers  and  others,  to  various  tests,  the  results  of 
which  are  as  follows:  Three  of  the  heaviest  locomotives  were 
coupled  aud  placed  at  rest  centrally  upon  the  span  250  feet  long, 
and  the  deflection  or  yielding  of  the  bridge  very  accurately  observed 
by  means  of  instruments.  The  total  weight  of  the  load  was  300,000 
pounds,  and  the  maximum  deflection  at  the  centre  of  the  span  was 
2*4223  inches,  being  one-sixteenth  of  an  inch  less  than  the  deflec- 
tion previously  calculated. 

"  The  same  load  was  then  placed  upon  a  span  157  feet  long,  and 
a  deflection  produced  of  1*375  inches,  which  varied  but  little  from 
the  result  of  previous  calculations. 

"  The  three  locomotives,  still  coupled,  were  then  run  over  the 
157  feet  span  several  times,  at  rates  of  speed  varying  from  ten  to 
sixteen  miles  per  hour.  The  deflection  produced  was  1*406  inches, 
being  an  increase  of  only  0*3  inch  over  the  deflection  while  at 
rest.  Probably  no  severer  strain  than  the  above  will  ever  be  applied 
to  the  bridge  in  actual  use.  In  each  case,  on  the  removal  of  the  load, 
the  bridge  at  once  resumed  its  previous  form. 

"  A  few  words  of  explanation  of  the  above  experiments  may  be 
interesting  to  the  public.  Short  of  the  dangerous  and  expensive 
process  of  actually  breaking  down  a  bridge  by  the  weight  equal  to 
its  ultimate  strength,  the  only  method  of  proving  its  safety  is  to 
measure  the  deflections  produced  by  stationary  or  running  loads. 
If  these  do  not  exceed  the  deflections,  calculated  as  due  to  the 
known  elasticity  of  the  material,  it  may  be  safely  inferred  that  the 
bridge  is  free  from  dangerous  defects,  either  in  material  or  work- 
manship. The  strain  applied  to-day  was  10,000  pounds  to  the 
square  inch  of  wrought  iron,  and  5,800  pounds  per  square  inch  of 
cast  iron. 

*'  On  the  157  feet  span,  the  strain  applied  was  9,000  pounds  per 
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square  inch  on  the  wrought  iron,  and  10,200  pounds  to  the  square 
inch  on  cast,  being  about  one-quarter  more  than  the  strain  produced 
by  the  passage  of  the  heaviest  freight  trains.  All  the  wrought  iron 
had  been  tested,  before  being  used,  by  a  strain  of  23,000  pounds 
per  square  inch.  Specimens  of  the  wrought  iron  which  were  sub- 
jected to  the  ultimate  strain,  broke  only  at  from  60,000  to  80,000 
pounds  per  square  inch.  C.  Shaled  Smith,  St.  Charles  Bridge ;  0. 
Chanute,  Kansas  City  Bridge;  J.  E.  Ainsworth,  Dubuque  Bridge; 
R.  n.  Temple,  St.  Charles  Bridge;  J.  B.  Moulton,  North  ^lissouri 
Railroad;  D.  C.  Janne,  Keokuk  Canal;  G,  H.  Morison,  Kansas 
City  Bridge ;  G.  H.  Nettle,  Chief  Engineer  H.  and  St.  Jo.  R.  R." 

A  Round- About  Railroad^?) — In  looking  over  an  article  on 
the  Locomotives  of  the  New  Jersey  Railway,  published  in  the 
Engineer,  (London)  for  October  16th,  we  were  quite  surprised  to 
discover  a  peculiarity  in  the  alignment  of  that  road  that  we  were 
not  before  aware  of.  The  article  states:  "That  whatever  Euglish 
engineers  may  think  of  the  general  design  of  these  engines,  it  can- 
not be  denied  that  they  work  well  over  bad  roads.  They  work, 
for  example,  at  high  speeds,  round  one  stretch,  almost  a  continuous 
curve  11|  miles  long,  the  radius  varying  from  550  feet  to  1,500  feet, 
with  a  steady  rise."  Now,  taking  the  radius  of  1,500  feet,  the  engine 
would  move  in  a  complete  circle  in  every  1  ^^^^^  miles,  and  the  line 
would  double  on  itself  a  little  over  six  times  in  a  distance  of  11| 
miles.  We  have  travelled  this  line  many  times,  and  must  confess 
to  great  want  of  powers  of  observation,  that  we  should  be  obliged 
to  depend  upon  an  English  journal  for  this  important  information. 
We  shall  take  particular  pains  to  notice  it  on  our  next  trip.  New 
Jersey  may  well  be  proud  of  her  modern  Tower  of  Babel.  May 
her  sands  never  overwhelm  it,  as  did  the  sands  of  Asia  her  ancient 
representative.  j.  m.  w. 

Friction  Clutch  Pulley. — By  Brown  k  Sharpe  Manufacturing 
Company.  A  friction  pulley  that  will  operate  with  certainty,  and 
without  noise,  that  will  continue  to  operate  well,  even  after  it  has 
experienced  the  necessary  wear  of  long-continued  use,  and  which  is 
not  liable  to  derangement,  by  which  work  is  delayed,  and  time  lost, 
is  a  most  desirable  acquisition. 

From  the  testimony  of  many  machinists  in  this  city,  and  also 
from  an  examination  of  the  principle  and  construction  of  the  appa- 
ratus named  above,  we  believe  that  it  fulfils  the  desired  conditions 
in  a  very  desirable  manner. 
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The  merits  of  this  instrument  will,  we  think,  be  evident  from 
the  following  description  of  its  structure. 


Ti^J. 


J'l'tr.  Z. 


Fig.  1  represents  a  complete  Friction  Clutch  Pulley  in  working 
position  upon  a  shaft.  Fig.  2  represents  the  parts  of  the  same ;  a 
is  a  pulley,  the  inside  surface  of  the  rim  of  which  is  turned.  This 
pulley  revolves  freely  upon  the  shaft,  and  is  kept  in  position  on 
one  side  by  the  collar,  B,  and  on  the  other  by  the  segment  plate,  c. 
The  segment  plate,  c,  is  fastened  to  the  shaft  by  the  set  screw,  a. 
Attached  to  this  plate,  and  sliding  in  planed  grooves,  are  two  seg- 
ments, D  D,  which  move  in  opposite  directions,  at  right  angles,  to 
the  shaft.  The  outer  surfaces  of  these  segments  are  turned  to  the 
same  diameter  as  the  inside  of  the  rim  of  the  pulley,  A.  The  two 
levers,  e  e,  are  connected  to  the  segment  plate,  c,  by  pins  passing 
through  them  and  the  ears,  h  h,  which  act  as  fulcrums.  These  levers 
pass  through  and  are  fitted  to  the  segments,  d  d,  and  also  through 
the  segment  plate,  c.  In  the  outer  ends  of  these  levers  are  adjust- 
ing screws  with  set  nuts.  Fitted  to  and  sliding  upon  the  shaft  is  a 
thimble,  F,  the  end  of  which  is  turned  of  a  conical  shape.  Upon  the 
outside  of  this  thimble  is  a  groove  into  which  a  shipping  fork  is 
fitted.  It  will  be  readily  seen  that  when  the  thimble  is  pressed  for- 
ward, toward  the  pulley,  the  conical  end  comes  in  contact  with  the 
rounded  heads  of  the  adjusting  screws,  by  which  the  two  levers, 
EE,  are  forced  outward,  carrying  the  two  segments,  dd,  which 
movement  brings  the  faces  of  these  segments  into  contact  with  the 
inside  of  the  rim  of  the  pulley,  binding  the  surfaces  together,  and 
thus  communicating  the  motion  of  the  pulley  to  the  shaft.  This 
pulley  is  perfectly  noiseless  as  well  as  simple  and  efficient,  with  no 
liability  of  locking  or  unlocking,  except  at  the  will  of  the  ope- 
rator. 
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Screw  Slotting  Machine. — By  Brown  &  Sharpe  Manufacturing 
Company.  Quite  an  extensive  machine  is  often  used  by  guumakers 
and  others  for  slotting  the  heads  of  screws,  but  the  device  shown 
below,  which  can  be  attached  to  an  ordinary  hand-lathe,  is  believed 
to  be  more  efficient  for  the  purpose  than  any  machine  heretofore 
made.     A  single  bolt  fastens  the  platform.  A,  of  this  apparatus  to 


the  bed  of  a  hand-lathe,  the  long  lever  projecting  in  front  at  a  right 
angle  with  the  bed.  An  arbor  carrying  a  circular  cutter  is  held  in 
the  centres  of  the  lathe.  The  long  lever  is  moved  horizontally  to 
open  the  jaws  for  inserting  and  removing  the  screws,  and  downward 
to  bring  the  screw  to  be  slotted  against  the  saw.  A  stop-screw,  B, 
governs  its  downward  motion,  and  thus  regulates  the  depth  of  slot 
in  the  screw-head.  The  working  part  of  the  apparatus  can  be  raised 
or  lowered  on  the  platform  front  by  means  of  the  bolt,  c. 

Erricson's  Solar  Engine. — As  various  eroneous  expositions  of 
the  results  reached  by  Mr.  Erricson  in  the  new  direction  to  which 
he  has  of  late  turned  his  attention  have  been  published,  we  take 
occasion  to  give  the  substance  of  what  he  has  himself  enunciated  in 
the  Stockholm  Aftenhladet. 

He  says  that  by  concentrating  the  sun's  rays  with  apparatus 
which  he  has  not  space  to  describe,  and  applying  the  heat  so  devel- 
oped to  steam  and  air  engines  of  special  construction,  an  amount  of 
force  can  be  obtained,  which  may  be  thus  expressed.  The  accumu- 
lated solar  radiation  which  falls  upon  a  space  10  feet  square  or  100 
square  feet  in  area,  can  develop  more  than  one  horse-power. 
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This  area  is,  of  course,  perpendicular  to  the  direction  of  the  rays. 

The  sun-heat  wasted  on  the  roofs  of  Philadelphia  would  operate 
5,000  steam  engines  of  20  horse-power  each,  while  the  sun  shone. 

The  area  of  one  Svveedish  square  mile  (=49  English),  if  only 
half  covered  with  sun  machines,  would  develop  force  enough  for 
6-i,800  steam  engines  of  100  horse-power  each. 

At  the  surface  of  the  sun  an  area  of  10  square  feet  must  emit 
heat  enough  to  run  an  engine  of  46,984  horse-power. 

A  Tangential  Water  Wheel,  or  Turbine,  with  partial  admis- 
sion, has  lately  been  constructed  by  Messrs.  Gwynne  &  Co.,  London, 
to  take  the  place  of  one  which  had  become  useless  through  age,  but 
which  was  originally  set  up  by  the  Moors,  at  Molino  del  Rey,  near 
Granada,  in  Spain.  The  culvert  which  conveyed  the  water  to  the 
wheel,  the  wheel-pit  and  the  tail-race,  were' all  cut  in  the  solid 
granite,  the  entire  work  indicating  great  skill  and  judgment  oti  the 
part  of  the  original  constructors. 

In  the  wheel  now  introduced,  the  water  is  admitted  to  about  one- 
quarter  of  the  circumference  by  nine  guide-buckets,  which  may  be 
closed,  one  after  another,  by  a  valve  which  forms  part  of  a  circle 
and  moves  in  guides  cast  on  the  casing.  By  this  means  provision 
is  made  for  utilizing  the  very  variable  water  supply  which  exists 
at  this  place,  without  loss  of  useful  effect.  From  1|  to  12  horse- 
power can  be  obtained,  according  to  the  quantity  of  water  that  may 
be  found. 

Water  inclosed  in  Glass. — At  the  last  meeting  of  the  Institute 
there  was  presented  by,  Mr.  James  Gaffield,  of  Boston,  a  piece  of 
glass,  being  the  head  of  a  stopper  containing  water  in  its  interior 
cavity.  This  was  one  of  a  large  number  of  similar  specimens  found 
after  a  fire  in  which  a  great  quantity  of  like  objects  had  been  de- 
stroyed, and  resulted  from  the  cracking  of  the  heated  glass  by  the 
water  thrown  on  the  ruins,  the  entrance  of  the  water  as  the  object 
cooled,  and  subsequent  closing  of  the  fissure,  which  in  this  and 
other  cases  was  hardly  perceptible,  and  entirely  precluded  the  egress 
of  the  water. 
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CORNISH  PUMPING-ENGINES. 

Mr.  P]ditor  : — In  looking  over  the  October  numberof77/e  Journal 
of  the  Franklin  Institute.  I  was  somewhat  surprised  to  find,  from  the 
communication  of  Mr.  W.  H.  G.  West,  that  my  eulogy  of  the  Corn- 
ish engine,  for  pumping  purposes,  had  only  proved,  that  the  rota- 
tive engine  was  equally  good,  or  perhaps  better.  This  certainly 
was  not  what  I  intended.  But  as  Mr.  W.  has  been  kind  enough 
to  point  out  the  more  prominent  errors  contained  in  the  article 
referred  to,  an  opportunity  will  be  thus  aftbrded  me  for  making  any 
necessary  corrections. 

The  grand  question,  as  I  understand  it,  is  whether  the  operation 
of  pumping  water  be  better  accomplished  by  the  direct,  unfettered 
action  of  a  certain  pressure,  or  by  the  secondary  action  of  the  same 
pressure,  shackled  by  the  incongruous  addition  of  a  revolving  shaft? 
In  case  this  question  is  of  too  abstruse  a  nature,  it  may  be  put  in  a 
plainer  form,  by  substituting  the  analogous  one,  as  to  whether  the 
shortest  route  between  two  points  diametrically  opposite  each  other, 
on  the  circumference  of  a  circle,  be  by  proceeding  round  the  peri- 
phery, or  by  going  straight  across?  Perhaps  I  may  be  biassed  in 
my  opinion,  believing  as  I  do  in  the  direct  path,  and  will  therefore 
not  enforce  again  my  peculiar  views  at  this  time,  but  will  leave  it  to 
the  readers  of  this  Journal  to  decide  this  seemingly  difficult  question. 
Turning  my  attention  to  the  minor  points  in  the  case,  as  promi- 
nently brought  forward  by  Mr.  W.,  I  find,  that  having  at  one  place, 
recommended  a  uniform  speed  of  piston  for  pumping  water,  I  have 
afterwards  acknowledged  that  the  speed  of  the  piston,  at  the  time 
it  is  not  pumping  water,  is  uniformly  accelerated,  i.  e.  making  the 
in-door  stroke.  The  next  is  a  direct  question.  "  If,  in  the  Cornish 
engine,  the  momentum  acquired,  together  with  the  force  given  out 
by  the  expanding  steam,  carries  the  piston  to  the  end  of  its  stroke, 
does  not  the  vis  viva,  or  potential  energy  stored  up  in  the  moving 
parts  of  the  rotative  engine,  together  with  the  expanding  steam, 
carry  the  pi.«ton  of  that  engine  to  the  end  of  its  stroke,  and  does 
not  the  steam  perform  the  whole  work  in  either  case?"  Certainly 
the  steam  performs  the  whole  work  in  either  case.  But  it  is  by  no 
means  evident  that  the  steam  or  the  whole  work  is  the  same  in  both 
cases,  as  I  shall  hereafter,  perhaps,  be  able  to  show.   Again:  "The 
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Cornish  engine  passes  through  the  steam  stroke  very  rapidly.  If 
the  pressure  at  the  end  of  the  stroke  equalled  the  resistance,  the 
vis  viva  of  the  moving  parts  would  shoot  the  piston  through  the 
cylinder  head,  unless  prevented  by  the  catches."  That  depends 
upon  the  manner  in  which  the  engine  is  operated.  There  is  no 
doubt,  if  it  were  driven  in  the  same  manner  as  found  necessary  for 
rotative  engines,  such  a  catastrophe  would,  if  possible,  occur  at 
every  stroke.  And  herein  lies  one  of  the  chief  points  of  merit, 
characteristic  of  the  Cornish  engine,  for  it  is  a  known  fact,  that 
when  the  piston  reaches  the  end  of  its  stroke,  the  force  of  the  steam 
is  not  sufficient  to  balance  the  weight  of  the  heavy  pump  plunger, 
which  has  been  carried  onward  solely  by  the  vis  viva  stored  up  in 
the  weighty  moving  parts.  It  is  by  the  paying  back  of  this  amount 
of  power,  borrowed  at  a  time  of  superabundance,  that  the  pressure 
is  made  to  coincide  with  the  resistance, — balancing  the  account  at 
every  stroke.  It  is  the  duty  of  the  engineer  to  see  that  this  is  pro- 
perly done  without  premonition  from  the  catches. 

"  Mr.  H.  gives  us  this  same  thing  as  a  fault  in  the  numerous 
direct  acting  steam  pumps,  and  in  these  words :  '  the  terminal  pres- 
sure must  invariably  be  fully  equal  to  the  load,  or  the  pump  will 
come  to  a  dead  stand.'  Now  why  will  not  momentum  help  this 
unfortunate  engine  as  well  as  the  Cornish  engine  ?  It  will.  Mr. 
H.  knows  it,  and  is  convinced,  too,  that  the  terminal  pressure  need 
be  no  more  equal  to  the  full  load  in  one  machine  than  another." 

In  this,  I  am  afraid  Mr.  W.  has  paid  me  an  undeserved  compli- 
ment, as  I  cannot  recall  to  mind  having  been  possessed,  at  any  time, 
with  the  knowledge  of  the  facts  attributed  to  me.  One  reason  I 
remember  to  have  had,  why  momentum  would  not  help  the  unfortu- 
nate class  of  engines  alluded  to,  was,  that  because  being  horizontal, 
they  were  not  quite  so  vertical  as  the  Cornish  engine,  and  that  the 
laws  of  gravity  did  not  act  upon  each  precisely  alike.  I  probably 
held  an  opinion,  in  regard  to  the  unfortunate  machines,  that  the 
principal  effect  of  the  laws  of  gravitation,  in  their  case,  was  to  pro- 
duce friction,  which  occurred  to  me  as  being  somewhat  antagonistic 
to  inertia.  From  an  extended  experience  in  the  premises,  I  have 
invariably  found  that  when  the  pressure  on  the  steam  piston  is  per- 
mitted to  become  less  than  the  load  on  the  water-piston,  at  that  par- 
ticular instant,  such  pumps  come  to  a  dead  stand,  no  eflect  from 
vis  viva  being  at  all  discernible. 

"  On  page  31,  we  find  that  the  plunger  descends  with  a  uniformly 
augmented  velocity,  and  the  momentum  acquired  is  again  stored  up 
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at  the  end  of  the  stroke,  in  the  steam  contained  above  the  piston, 
to  be  made  available  in  the  return  stroke.  The  piston,  and  there- 
fore the  plunger,  cannot  descend  in  this  manner,  for  it  is  brought  up 
by  cushioned  steam,  just  as  that  of  the  rotative  engine  is,  and  the 
velocity  of  each  piston  varies  from  full  speed  to  a  stand  still  at  each 
end.  Where  is  the  difference,  and  what  ill  effect  would  it  have  upon 
the  engine,  if  Mr.  Ilendcrson's  statement  t^e?-e  correct?" 

"  The  fly-wheel  would  give  back  all  the  momentum,  or  vis  viva 
imparted  to  it,  but  the  steam  would  not,  in  any  engine." 

In  regard  to  the  piston,  Mr.  W.  is  perfectly  correct;  it  cannot 
descend  in  the  manner  described,  as  at  that  time  it  is  going  up.  The 
equilibrium  valve,  however,  descends  before  the  plunger  has  com- 
pleted its  stroke,  shutting  in  a  quantity  of  steam,  above  the  piston, 
which  being  compressed  by  the  continued  descent  of  the  plunger, 
the  augmented  force  is  transmitted  from  the  one  to  the  other,  to  be 
made  available  in  the  return-stroke,  as  previously  stated.  The  dif- 
ference between  this  mode  of  action  and  that  allowable  in  the  rota- 
tive engine,  when  applied  to  pumping  water.,  is  very  marked  indeed. 
There  are  several  reasons  why  that  engine  would  not  work  so  ad- 
vantageously with  the  same  amount  of  cushion.  In  the  first  place, 
it  would  not  work  at  all,  for  it  would  be  found  in  practice,  that  not 
until  this  cushion  had  been  mainly  got  rid  of,  would  the  engine 
ever  be  persuaded  to  pass  its  centres ;  as  every  person  who  has  ever 
tried  that  experiment,  or  the  kindred  one  of  giving  lead  to  the 
valve,  has  invariably  discovered. 

In  regard  to  the  fly-wheel  giving  back  all  the  momentum  or  vis 
viva  imparted  to  it,  Mr.  W.  is  again  correct;  it  unquestionably  will 
give  back  all  that  has  been  imparted  to  it.  But  unfortunately  for 
that  valuable  appendage,  its  share  of  the  vi^  viva  is  but  a  limited 
per  centage;  for  the  bulk  of  it  will  be  saddled  upon  the  crank-pin, 
to  be  distributed  through  the  journals  to  the  pillow-blocks,  thence 
to  the  bed-plate,  until  it  is  finally  lost  in  the  very  foundation  of  the 
engine.  A  very  simple  method  of  arriving  at  the  truth  of  this 
axiom,  would  be  to  take  off  the  pillow-block  caps  of  any  engine, 
where  they  are  bolted  on  in  a  line  with  the  direction  of  the  stroke. 
Of  course,  if  the  vis  viva  be  imparted  to  the  fly-wheel,  the  centrifu- 
gal and  centripetal  forces  balancing  each  other,  this  can  be  done  with- 
out any  risk? 

"  Will  Mr.  n.  call  to  mind  that  we  find  in  general  j)ractice,  much 
higher  steam  used  in  rotative  engines  than  in  the  Cornish,  and  will 
he  favor  us  with  an  estimate  of  the  amount  of  power,  in  steam,  lost 
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\)j  this  variable  speed  in  any  engine  ?  None,  I  think.  "Upon  inves- 
tigation, I  find  that  from  sixty  to  seventy  pounds  of  steam  is  not 
an  unusnal  pressure  used  in  the  Cornish  engine,  where  a  high 
degree  of  expansion  is  employed.  Quite  a  high  pressure  for  large 
condensing  engines ;  it  is  questionable  whether  it  would  be  politic 
to  imitate  it  in  the  rotative  engine,  which  cannot  yield  to  any  of  the 
extreme  variations  of  steam  pressure,  to  which  the  piston  is  con- 
stantly subjected,  owing  to  the  obstinacy  of  the  fly-wheel ;  the  amount 
of  power  lost,  in  consequence,  is,  strictly  speaking,  that  amount  of 
vis  viva  which  is  expended  upon  the  crank-pin  at  each  alternate 
stroke.  It  will  vary  with  the  pressure  of  steam  employed,  the  point 
of  cut-off,  and  the  load.  The  only  reliable,  or  practicable  way  to 
estimate  it,  would  be  to  erect  two  engines,  of  the  same  calculated 
cylinder  capacity;  one  a  Cornish,  and  the  other  a  rotative  pumping 
engine ;  the  extra  amount  of  work  performed,  with  an  equal  quantity 
of  fuel,  by  the  former  engine,  would  represent  exactly  the  amount 
of  power  lost.  That  it  is  something  considerable,  may  be  ascer- 
tained in  a  more  simple  manner,  by  constructing  a  rough  model  of 
the  working  parts  of  a  steam  engine,  and  operating  it  by  turning  a 
crank  by  hand ;  then  attach  a  sliding  weight  of  the  same  gravity 
as  the  moving  parts,  to  a  return-crank  proceeding  from  the  end  of 
the  crank-pin,  giving  the  same  throw  as  the  crank,  in  the  adverse 
direction,  so  that  when  the  piston  is  moving  in  one  direction,  this 
counter- weight  will  be  moved  diametrically  in  the  opposite ;  then 
by  turning  the  crank  again,  it  will  be  at  once  very  apparent  that 
considerably  less  power  is  required  than  before.  In  the  former  case, 
the  amount  of  vis  viva  parted  with  at  each  dead  point,  if  the  ma- 
chine be  run  at  a  high  rate  of  speed,  is  so  great  that  it  would  be 
difficult  to  hold  it,  to  test  the  experiment ;  while  in  the  latter  case, 
it  will  stand  as  steadily  as  though  it  were  not  under  operation.  This 
information  I  have  from  actual  experiment. 

"  No  serious  evil  eft'ects  can  result  from  increasing  the  speed  of 
the  plunger  near  the  middle  and  towards  the  end  of  the  stroke,  for 
when  the  water  is  put  in  motion,  the  plunger  may  move  faster. 
Were  the  steam  shut  off,  the  vis  viva  of  the  moving  water  would 
carry  the  engine  some  distance  with  it,  and  the  speed  may,  there- 
fore, increase  without  loss,  keeping  the  pressure  against  the  plunger 
uviiform.  There  is  no  loss  here  from  variation  of  speed,  except  by 
friction  ;  frictional  resistance  varies  as  the  square  of  the  speed,  at 
low  speeds,  but  as  a  Id y her  power  at  higher  velocities ;  and  as  the 
Cornish  engine  comes  in  like  a  rocket  when  it  takes  steam,  we  may 
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infer  that  it  is  the  least  economical  of  engines,  as  far  as  that  seriovs 
quaJihj  is  concerned." 

Mr.  W.  is  unfortunate  in  his  selections  for  criticism,  and  cer- 
tainly does  not  manifest  any  remarkable  merit  as  a  careful  reader, 
personal h',  for  it  will  be  observed,  the  serious  quality  here  com- 
plained of,  has  no  existence  in  fact ;  for  at  the  time  selected,  the 
pump  is  only  taking  water,  and  no  pumping  is  being  done.  The 
rocket  principle,  on  the  contrary,  is  a  manifest  advantage,  for  the 
quicker  the  plunger  is  lifted,  the  oftener  will  it  descend  in  a  given 
time.  This  principle  of  variable  velocity  is  also  used  with  eminent 
advantage  on  the  planing  machines  used  in  machine  shops.  The 
pressure  against  the  plunger  is  the  constant  area  of  it;  multiplied 
by  the  head,  and  by  the  velocity,  it  would  not  be  safe  to  calculate 
upon  any  assistance  from  the  vis  viva  of  the  moving  water,  under 
the  circumstances  stated.  Pumping  water  is  very  unlike  driving 
rotating  machinery,  which  will  continue  to  run  some  time  after  the 
steam  is  shut  off"  from  the  engine ;  under  the  same  operation,  a 
pumping  engine  stops  momentarily. 

"We  now  pass  to  the  saving  of  steam  from  loss  by  clearance  and 
steam  passages,  and  the  isolation  of  the  working  end  of  the  steam 
cylinder  from  the  cooling  influence  of  the  condenser.  Isolation  in 
this  case,  means  a  high  degree  of  expansion,  or  very  high  tempe- 
rature to  very  low  temperature,  during  the  in-door  stroke;  then 
this  low  temperature,  very  little  above  that  of  the  condenser  to  both 
sides  of  the  piston  during  the  out-door  stroke;  then  exposure  of 
all  the  cylinder  but  about  a  foot  of  the  out-door  end,  to  this  same 
temperature;  and  last,  the  exposure  on  the  lower  side,  during  the 
in-door  stroke,  to  the  cooling  influence  of  the  condenser.  This  is 
saving  by  isolation  with  a  vengeance.  It  is  very  well  known  that 
the  pistons  of  Cornish  engines,  perfectly  tight  at  one  end,  leak 
badly  at  the  other,  when  the  cylinder  has  no  casing,  or  when  the 
casing  is  cold." 

The  meaning  of  the  term  "  isolation,"  in  its  application  to  the 
Cornish  engine,  as  rendered  by  Mr.  W.,  fortunately  cannot  over- 
come the  incontrovertible  fact,  that  however  much  of  that  engine  is 
exposed  to  the  frigorific  influence  of  the  condenser,  there  is  twice 
as  much  exposed  in  the  rotative  engine;  the  one  being  single,  and 
the  other  double  acting.  It  is  not  necessary  to  multiply  words  over 
such  a  palpable  theorem,  nor  is  it  of  any  consequence  to  ascertain  by 
what  mode  of  calculation  it  can  be  made  to  appear  that  less  than  the 
half  is  greater  than  the  whole,  or  that  2  and  2  being  four,  1  and  1 
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are  5  or  6,  or  as  mucli  more  as  prejudice  may  assume  to  make  it.  It 
never  occurred  to  me  what  the  probable  effect  would  be,  if  the  cyl- 
inder had  no  jacket,  or  having  one,  the  engine  might  be  worked 
with  it  cold,  never  having  heard  of  any  such  contingencies  in 
practice. 

The  remainder  of  the  questions,  pertinent  to  the  subject  under 
consideration,  are  more  or  less  intimately  connected  with  the  fore- 
going, and  have  been  fully  met  in  my  previous  remarks,  and  in  some 
that  have  been  introduced  by  Mr.  W.  himself,  on  page  264.  Amongst 
other  ad  vantages  accruing  to  the  Cornish  engine,  he  there  states  "  Ex- 
pansion is  carried  to  the  fullest  economical  extent."  Such  being  the 
case,  as  unquestionably  it  is,  I  should  like  to  be  informed  how,  in 
general  practice,  much-  higher  steam  is  used  in  rotative  engines  ?" 
as  maintained  on  page  259,  same  article.  The  advantages  of  the 
steam  jacket  are  also  produced  in  glowing  terms.  "Steam  condensed 
in  expansion,  or  in  the  pipe  by  radiation,  and  water  carried  over  by 
steam  from  the  boiler,  if  it  ever  is,  is  re-vaporized  by  heat  from  the 
jacket,  when  the  temperature  of  the  steam  in  the  cylinder  falls  be- 
low that  in  the  jacket."  There  is  an  evident  discrepancy  between 
this  statement  and  the  following  one,  which  appeared  on  page  262. 
But  as  the  former  is  undoubtedly  correct,  the  latter  it  must  be 
presumed,  is  a  typographical  error. 

"  Steam  jackets  may  be  applied  to  any  engines,  even  to  locomo- 
tives, and  would  be,  too,  if  practical  men  thought  it  would  pay. 
The  coal  would  do  much  better  duty  were  the  hot  gases  from  it 
turned  into  the  jacket,  instead  of  being  employed  in  evaporating 
water,  half  of  which  is  condensed  again  before  the  remainder  reaches 
the  jacket." 

In  conclusion,  I  would  add,  that  in  order  that  this  controversy 
may  result  in  some  permanent  advantage  to  the  inquiring  public, 
aside  from  the  mere  opinion  of  Mr.  West  and  myself,  that  as  he 
may  be  possessed  of  statistical  evidence  corroborating  his  asser- 
tion that  "  many  rotative  engines  do  as  good  duty  as  the  best  Cornish 
engines"  (page  262),  to  produce  one  to  compare  in  efficiency  with 
the  celebrated  Fowey  Consuls  experiments,  where  a  duty  of  130 
millions  of  pounds  of  water  was  raised  (by  a  Cornish  engine)  one 
foot  high,  by  the  consumption  of  112  pounds  of  coal,  vide  London 
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W.  M.  HENDERSON, 

Hydraulic  Engineer. 
Philadelphia,  November  14,  1868. 
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BLASTING  WITH  NITRO-GLYCERINE  AT  THE  HOOSAG  TUNNEL. 

"We  luive  been  iu  hopes  of  giving  our  readers  before  this  a  full 
account  of  operations  iu  the  above  direction,  from  the  pen  of  Mr. 
Geo.  M.  Mowbray,  who  has  been  engaged  both  at  the  Iloosac  Tun- 
nel and  elsewhere  in  the  manufacture  and  use  of  this  efficient  explo- 
sive. Excessive  press  of  business  has,  however,  as  yet  prevented 
Mr.  Mowbray  from  fulfilling  his  proniis-e  to  us,  though  he  assures 
us  of  a  speedy  suppl}'',  and,  iu  the  meantime,  sends  us  the  following 
extract  from  the  North  Adams  'Transcript^  which,  though  not  very 
precise  and  formal  in  its  style,  will,  nevertheless,  possess  great 
interest  for  our  readers,  and  will  make  up,  by  the  vividness  of  its 
description,  for  any  fault  of  form. 

Monday,  March  2,  A.  D.  1863,  ushered  in  a  snowing,  gusty  day ; 
the  wind,  during  the  preceding  night,  had  been  urging  puffs  of 
snow,  dry  and  crystalline,  through  every  cranny  of  the  mountain 
shanty,' before  whose  soapstone  stove  I  had  been  warming  my  rheu- 
matic limbs ;  and,  since  travel  seemed  impracticable,  I  made  a  virtue 
of  necessity,  and  accepted  an  invitation  from  my  host  to  descend 
the  west  shaft  of  the  Hoosac  Tunnel,  where  the  temperature,  60° 
F.,  would  at  least  be  more  agreeable  than  on  the  mountain  side, 
where  the  thermometer  was  then  6°  below  zero. 

So,  donning  a  miner's  suit,  rubber  boots.  Cape  Ann  oilskin 
jacket  and  southeaster,  we  stalked  through  the  deej)  drifts  of  snow, 
and  at  7,  A.  M.,  I  found  myself  standing  on  the  cage  that  is  used  for 
lowering  and  hoisting  in  the  shaft,  beside  two  pails,  each  having 
an  inner  lining  of  plate  tin,  with  cover,  suitable  enough,  as  it 
seemed  to  me,  to  carry  down  hot  coffee  for  the  miners.  These 
pails,  and  a  conductor's  lantern,  were  in  charge  of  a  man  equipped 
in  miner's  costume,  similar  to  our  own,  who  was  exchanging  re- 
marks with  the  topman,  whose  duty  it  is  to  signal  the  movements 
of  the  hoisting  ajiparatus. 

A  gong  sounding,  we  began  to  descend  rapidly,  or  rather,  as  it 
seemed  to  me,  the  shaft  began  to  rise  around  us  in  a  most  alarm- 
inur  manner. 

The  cold  air  of  the  outer  world,  descending  and  mixing  with  the 
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warm,  saturated  air  rising  from  the  tunnel,  caused  a  vapor  that 
rendered  the  light  of  the  miner's  lantern  scarcely  visible  at  two  paces 
distance.  It  is  an  unpleasant  position  for  a  stranger  to  be  in,  going 
down,  down,  down,  with  streams  of  condensed  vapor  pattering  on 
the  head,  neck  and  shoulders ;  and  to  relieve  the  monotony  and 
suspense  of  the  descent,  I  addressed  myself  to  that  man  with  the 
"  hot  coffee  "  pails, 

"  By  the  way,  I  thought  I  caught  the  word  '  glycerine '  spoken 
by  that  man  who  let  us  down." 
"  Possibly." 

"Have  they  ever  ilsed  nitro-glycerine  in  this  tunnel?  I  mean 
that  terrible  explosive  agent,  which  tears  everything  to  atoms.  I 
should  like  to  see  some  of  it,  and  know  all  about  it ;  it  would  give 
one  a  sensation  that  would  relieve  a  fellow  of  this — this  oppressive 
feeling." 

My  companion  deliberately  lifted  the  cover  of  his  pail,  and  taking 
thence  an  open  slender  tube,  which  seemed  to  contain  clear  water, 
said: 

"  There  it  is." 

"  What !  Good  — ,  in  this  cage  ?  Do  you  mean  to  say  wc  are 
boxed  up  in  this  hole  with — ?"' 

"Yes,"  returning  his  tin  cylinder  to  the  pail,  and  replacing  the 
tin  cover,  "  that  is  nitro-gl3'cerine — one  of  twenty  cartridges  we  are 
about  to  use  in  blasting." 

I  reflected ;  here  I  was,  in  a  box  four  feet  by  three  feet,  no  escape 
from  a  pail  containing  enough  rtitro-glycerine  to  send  us  up  that 
shaft,  and  into  eternity  for  the  matter  of  that,  and  I  had  been  con- 
founding the  "perilous  stuff"  with  hot  coffee.     There  Avas  no  help 
for  it  now,  and  as  the  heavy  beat  of  the  steam  pumps  and  warm 
temperature  rendered  conversation  difficult,  I  certainly  felt  as  if  1 
had  put  my  foot  into  it,  or  something  like  it. 
But  we  are  at  the  bottom  of  the  shaft. 
"  Stand  clear  there,  glycerine !" 
"All  right,  sir." 
"Where's  our  car?" 
"  Here,  ready  ;  can  I  help  you  ?" 

"  Only  by  keeping  clear  with  your  flaring  lamps  ;  push  on." 
And  now,  impelled  by  a  brakeman,  our  car  is  rapidly  driven  to 
a  small  caboose,  or  cupboard,  some  three  hundred  yards  from  the 
shaft,  the  trip  relieved  by  an  inquiry  : 
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"  IIow  is  it  the  water's  so  high  ?" 

"  A  pump  gave  out  last  night ;  water's  been  gaining  since ;  the 
machinists  will  soon  fix  it." 

My  companion  now  unlocked  the  door  of  this  little  caboose  on 
the  left  side  of  the  tunnel,  examined  briefly  the  signal  apparatus, 
an  electro-magnet  and  gong,  then  the  switch  or  brake,  which  turns 
off  the  current  irom  the  wires  leading  to  tho  heading,  and  assures 
himself  that  whilst  charging  the  drill-holes,  no  electric  spark  can 
pass  over  the  wires  by  any  tampering  with  the  instrument  above 
ground ;  this  done,  he  resumed  the  pails,  and  we  now  rapidly 
pushed  on  to  the  heading,  about  one  hundred  yards  distant,  the 
way  enlivened  by  a  gushing  spring  of  water ;  ascended  the  two 
benches  of  rock,  we  now  came  upon  twelve  miners,  each  with  his 
candle,  and  the  foreman  busy  examining  the  finished  drill-holes. 

"  Mr.  Gregory,  will  you  send  your  men  back  ?" 

"All  hands  back  from  the  heading!  Glycerine,  lads !  Pickup 
your  tools;  hurry  up  there,  and  mind  you  don't  run  foul  of  this 
man !" 

"Where  are  your  holes?" 

"  Here  they  are,  good  and  strong." 

Eighteen  holes  are  now  counted,  their  diameter  and  depth 
gauged ;  these  are  found  to  vary  from  twenty-six  to  thirty-two 
inches  in  depth,  and  at  various  angles,  and  in  various  directions 
from  the  face,  each  of  them  being  capable  of  receiving  a  cartridge 
eleven  inches  long,  and  one  and  one-fourth  in  diameter. 

"  You  need  not  stay,  foreman." 

"  I'se  no  fear ;  I'll  just  help  a  bit.  Don't  mind  me;  I  seen  glyce- 
rine afore." 

Carefully  and  deliberatel}^  a  cartridge  is  removed  from  the  pail ; 
an  insulated  wire,  with  priming,  exploder,  and  cork  attached  there- 
to, closes  the  open  mouth  of  the  tin  cartridge,  and  still  more  carefully 
the  cartridge,  with  its  mischievous  little  wire  and  fulminating  ex- 
ploder, is  now  passed  into  the  drill-hole,  and  pressed  down  to  the 
extreme  end,  leaving  the  wire  pendant  therefrom  like  a  rat's  tail ; 
when  this  performance  has  taken  place  in  eighteen  holes,  a  count 
is  made — eighteen. 

Now  the  conducting  main  wire  is  brought  forward  and  attached 
to  one  of  these  pendant  wires,  which,  by  the  way,  on  close  exami- 
nation, consists  of  two  wires,  when  attached  to  one  of  these,  the 
other  is  carried  to  one  of  the  double  wires  of  the  next  hole,  until 
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each  of  the  eighteen  holes  is  linked  with  the  one  next  to  it,  and 
that  to  the  next,  forming  a  series  of  links,  the  first  connected  with 
the  conducting,  the  latter  Avith  the  return  wire. 

Then  two  wares,  when  the  switch  or  break  is  suitably  disposed, 
connect  the  cartridges  in  the  holes  with  the  electrical  machine, 
1,500  feet  distant  above  ground,  in  the  timekeeper's  office. 

Now,  bear  in  mind,  there  is  a  break  one-tenth  of  an  inch  from 
each  other,  of  the  points  of  the  wires  in  each  hole,  and  this  break 
is  armed  with  a  sensitive  priming,  so  that  the  electric  spark,  as  it 
leaps  from  one  wire  to  the  other,  ignites  it;  this  fires  a  fulminate, 
and  the  explosion  of  this  fulminate  explodes  the  nitro-glycerine, 
and  the  nitro-glycerine  plays  the  —  with  the  stubborn,  tough, 
solid  rock. 

But  my  mining  friend  is  scrutinizing  every  connection,  and  now 
he  counts  every  hole ;  none  have  been  missed. 

"All  back!" 

"We  now  turn  our  backs  (with  a  very  satisfactory  shrug  on  my 
part,)  on  the  masses  of  rock,  burrowed  with  the  eighteen  drill-holes, 
each  charged  with  sufficient  nitro- glycerine  to  hurl  it  into  fragments, 
aye,  from  the  very  bottom  of  these  holes,  and  to  send  a  blast  of 
liberated  gases  that  will  hurl  a  puff"  of  steam  and  air  out  of  the 
shaft  1,500  feet  distant. 

That  pail,  I  perceive,  our  companion  carries  with  him.  We  de- 
scend the  first  bench;  at  the  second  he  deposits  his  pail,  and  we  all 
hurry  back  to  the  caboose,  where  the  miner's  lights,  like  the  ignis 
fatui,  seem  right  welcome. 

But  where  is  there  a  recess,  a  safe  recess,  where  I  may  avoid  the 
consequences  of  my  curiosity  ?  Narrowly  Avatching  the  miners,  I 
am  aroused  by  the  inquiry,  sharp  and  quick  in  tone : 

"All  back  away  from  the  heading  ?" 

"All  back." 

"Look  out  for  yourselves!" 

And  then  our  sober,  decided  friend  enters  the  caboose ;  the  door 
is  locked;  the  miners  converse;  I  endeavor  to  secure  a  position  by 
which  a  good  number  of  miners  are  between  me  and  that  heading, 
and  sit  me  down  on  an  iron  pipe,  which,  Mr.  Gregory  informs  me, 
is  to  supply  air  to  the  machine  drills. 

"  Look  out,  now !" 

Instantly,  I  notice  the  miners  carry  their  hands  to  their  ears ;  in- 
stinctively I  follow  suit ;  the  hum  of  conversation  has  ceased ;  a 
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dead  silence  succeeds;  the  pulsation  of  the  steam  pump  throbs;  the 
breath  conies  quick  ; — oh,  this  suspense — a  singular  exaltation  or 
excitement  thrills  through  one. 

"  Boom — oom — ooom  !" 

A  rush  of  air — my  hat  has  gone  with  it;  pitch  dark,  for  every 
light  and  lantern  is  extinguished. 

"  Who's  got  a  match? — no  one,  I  bet." 

"  Yes  ;  here's  one." 

"A  heavy  blast,  that;  she  got  it  that  time." 

And  now  the  foreman,  our  companion  and  myself,  make  for  the 
heading;  the  miners  are  told  to  keep  back. 

"We  return  to  where  the  ingenious  arrangement  of  wire.>=,  aided 
by  the  electric  machine,  above  ground,  has  effected  this  discharge. 

As  we  approach  within  fifty  feet  of  the  heading,  a  warm,  sweetish 
vapor  is  looming  up;  still  on,  on,  on  :  here  is  a  mass  of  rock ;  move 
carefully,  there  may  have  been  a  cartridge  thrown  out  unexploded, 
laying  at  your  feet.     If  so,  don't  trample  on  it,  that's  all. 

Scrambling  over  the  masses  of  torn,  broken  rock,  the  heading  is 
at  last  reached — ragged,  indented,  a  scarred  witness  of  the  tremen- 
dous power  of  nitro-glycerine. 

After  carefully  noting  that  each  and  every  hole  has  been  blown 
out,  we  return  towards  the  miners.  At  the  second  bench,  our 
friend  picks  up  his  pail,  and  assures  himself  of  the  safety  of  the  two 
remaining  cartridges. 

We  soon  come  to  the  miners  ;  the  word  is  passed,  all  safe ;  another 
foreman  takes  in  his  gang  for  another  eighteen  holes,  to  be  drilled 
in  eight  hours,  the  time  allotted  for  each  shaft,  and  pushed  back  to 
the  shaft,  the  truck  running  into  the  cage. 

Signal  being  given,  we  commence  our  ascent — or,  better  described, 
now  the  shaft  rushes  down,  down,  down  past  us. 

Daylight  once  again,  and  the  j)leasant  warmth  of  the  tunnel  is 
exchanged  for  the  sharp,  keen  north  wind,  and  6°  below  zero  tem- 
perature. We  follow  the  man  with  the  j)ails,  over  the  drifting 
snow,  to  a  shanty,  where  a  good  breakfast,  hot  and  glowing  fire, 
await  him. 

"Breakfast  ready,  Hoecake?" 

"  All  ready.     Bla.st  go  off  all  right,  sah  ?" 

"Made  two  feet  heading — hurry  up  that  coffee." 

"What  do  you  think  of  blasting,  Mr.  — ?" 

"Well,  I  think  it  gives  a  fellow  a  sort,  of  a  kind  of — new  sensa- 
sation,  decidedly." 
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BELTING  FACTS  AND  FIGURES  NO.  II. 

By  J.  H.  Cooper. 

(Continued  from  page  326  ) 

Side  of  Leather  to  Pulleys. 

"  Experience  lias  adduced  the  fact  that  when  the  grain  side  of  a 
belt  is  placed  next  to  a  pulley,  it  will  drive  about  3-i  per  cent,  more 
than  when  the  flesh  side  is  placed  next  to  it." — W.  B.  in  Sci.  Amer., 
March,  1860,  p.  150. 

"  It  is  pretty  genera^ly  admitted  that  leather  belts  placed  with 
the  grain  side  next  the  pulleys  will  carry  more  power ;  but  in  con- 
nection with  this  another  question  arises,  namely,  which  side  placed 
next  the  pulley  is  most  durable  V — Sci.  Amer.,  March,  1860,  p.  197. 

"  Every  one  knows  that  the  strength  of  belt  leather  is  on  the 
hair  side,  and  it  may  be  said  to  lie  in  about  one  fourth  the  thick- 
ness; it  is  evident  then,  when  that  part  of  the  belt  is  worn  away  it 
is  no  longer  of  much  service." 

"  I  give  the  flesh  side  a  good  coat  of  tanner's  dubbing.  I  repeat 
this  two  or  three  times  in  as  many  days.  By  this  treatment  the 
pores  of  the  leather  become  filled  and  the  flesh  side  acquires  a 
smoothness  equal  to  that  of  the  hair  side,  and  my  experience  has 
taught  me  that  belts  will  last  six  times  longer  when  used  in  this  way 
than  when  run  on  the  hair  side  exclusively." 

"  This  is  my  experience  of  twenty  years  with  belts,  and  when  I 
have  treated  my  leather  in  the  same  manner,  the  same  results  have 
always  been  secured." 

"  I  would  be  in  favor  of  putting  the  smooth  surface  of  belts  next 
the  pulleys,  were  it  not  that  they  are  much  more  durable  when  the 
strong  side  is  kept  from  wearing." — T.  McG.,  Jr.,  in  Sci.  Amer., 
March,  1860,  p.  197. 

"The  wearing  of  belts  depends  altogether  upon  circumstances.  If 
they  adhere  well  to  the  pulleys  and  there  is  no  slipping,  but  a  con- 
tinual adhesion  while  at  work,  leaving  the  pulleys  clear,  there  is  no 
perceptible  wear  while  running  with  the  hair  side  to  the  pulley, 
but  put  the  rough  or  flesh  side  to  it,  and  the  wearing  of  it  will  soon 
occur  from  friction  caused  by  slipping  on  the  pulleys." 

"  When  belts  run  with  the  hair  side  next  the  pulleys,  they  drive 
33  per  cent,  more  machinery  and  run  more  steadily  than  when  re- 
versed."— D.  I.  in  Sci.  Amer.,  June,  1860,  p.  357. 
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"Belts  rubbed  over  with  ncats'  foot  oil  once  a  week,  will  give 
more  regular  speed,  last  double  the  time,  aud  etYect  a  great  saving 
of  leather,  and  experience  has  established  the  correctness  of  placing 
the  smooth  side  of  the  belt,  next  the  pulley," — H.  M.  iu  Sci.  Amer., 
July,  1848,  p.  326. 

Injluence  of  the  Thickness  of  Belts. 

"  "When  bent  round  the  circumference  of  a  wheel,  the  outer  parts 
of  the  belt  are  distended,  the  inner  parts  relaxed ;  and  supposing 
the  section  of  the  belt  to  be  rectangular,  the  amount  of  force  ex- 
pended in  making  these  changes  is  proportional  directly  to  the 
breadth,  to  the  square  of  the  thickness,  and  inversely  to  the  diame- 
ter of  the  wheel.  Hence  if  two  belts  be  of  like  strength,  but  the 
one  broad  aud  thin,  the  other  narrow  and  thick,  the  amounts  of 
force  expended  in  bending  them  must  be  proportional  directly  to 
their  thicknesses,  and  hence  the  advantage  of  using  broad  thin 
belts." 

"  The  practice  of  strengthening  belts  by  riveting  on  an  additional 
layer  must  be  exceedingly  objectionable :  indeed,  it  is  difficult  to 
see  how  any  additional  strength  is  gained,  for  the  outer  layer  must 
be  tight  when  on  the  wheel,  and  slack  when  free,  so  that  in  reality, 
the  strength  of  only  one  layer  can  be  available,  the  parts  of  the 
compound  belt  are  puckered  and  opened  alternately,  as  evinced  by 
the  crackling  noise." 

"  The  proper  procedure  is  to  increase  the  breadth  of  the  belt." 

*'  So  far  as  we  have  yet  seen,  it  is  preferable  to  use  heavy  belts." 
Prac.  Mecli.  Journal,  November,  1806,  p.  2-10. 

Convexity  of  Pulleys. 

Morinsays:  "The  pulleys  over  which  leather  belt.s  pass  ought 
to  have  a  convexity  equal  to  about  one-tenth  of  their  breadth." 

London  Mech.  Mag.,  for  'March,  1863,  says :  "  belt  pulleys  should 
be  made  slightly  convex,  in  a  ratio  of  half  an  inch  per  foot  of 
breadth."     Moles  worth  says  the  same. 

Another  proportion  is  \  inch  wire  in  8  inches  of  width.  Still 
another  \  inch  to  the  foot, 

"The  rounding  should  be  made  as  slight  as  is  consistent  with 
security,  since  every  deviation  from  the  cylindric  form  is  accom- 
panied by  a  loss  of  force."    * 
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"In  their  progress  round  the  wheels,  the  different  parts  of  the 
belt  are  stretched  and  relaxed  alternately.  Now,  if  the  material 
were  perfectly  elastic,  the  force  expended  on  the  distension  would 
be  reproduced  on  the  contraction  of  the  belt,  as  the  loss  by  this 
imperfect  elasticity  is  not  known,  it  will  be  enough  to  observe,  for 
the  present,  that  the  loss  of  force  will  certainly  be  greater,  the 
greater  the  disturbance  of  the  particles — the  higher  the  rounding 
of  the  pulleys." 

Why  a  Belt  runs  to  the  higher  j^art  of  a  Pulley. 

Much  disputation  has  been  published  in  efforts  to  solve  the  ques- 
tion :  Why  does  a  belt  run  to  the  higher  part  of  a  pulley  ?  There 
may  be  several  causes,  but  the  chief  one  is  embodied  in  the  follow- 
ing words :  That  edge  of  the  belt  which  is  towards  the  larger  end 
of  the  cone  is  more  rapidly  drawn  than  the  other  edge,  in  conse- 
quence of  this,  the  advancing  part  of  the  belt  is  thrown  in  the 
direction  of  the  larger  part  of  the  cone,  which  obliquity  of  advance 
towards  the  cone  must  lead  the  belt  on  its  higher  part. 

"  It  may  here  be  observed  that  this  very  provision,  the  rounding 
of  the  face  of  the  pulley,  which  keeps  the  belt  in  its  place,  so  long 
as  the  machinery  is  in  proper  action,  tends  to  throw  it  off  whenever 
the  resistance  becomes  so  great  as  to  cause  a  slipping." 

"  To  maintain  a  belt  in  position  on  a  pulley  it  is  necessary  to 
have  the  advancing  part  in  the  plane  of  the  wheel's  rotation," 

Running  Conditions. 

"  The  slack  side  on  top  with  large  pulleys  at  high  speed,  is  un- 
doubtedly the  true  philosophy  of  transmitting  power  by  belts." 

"  Speed  must  not  be  gained  before  power  in  the  use  of  belting. 
My  first  experience  for  myself  was  running  a  gang  of  twelve  7-inch 
saws  and  an  8|-inch  trimmer,  with  a  4J-inch  pulley." 

"  I  had  too  much  speed  and  my  saws  did  not  run  Avith  power  to 
do  the  work.  I  then  tried  a  6-inch  pulley,  which  did  better ;  but 
still  not  being  satisfied,  I  had  a  7-inch  iron  one  put  on,  which  drove 
the  saws  with  sufficient  power  to  do  all  the  work." — P.  in  Sci. 
Amer.,  March  1860,  p.  150. 

"A  belt  adheres  much  better  and  is  less  liable  to  slip  when  at 
a  quick  speed  than  at  a  slow  speed.  Therefore,  it  is  much  better  to 
gear  a  mill  with  small  drums,  and  rtin  them  at  a  high  velocity, 
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than  witli  large  drums,  and  to  run  them  slower;  and  a  mill 
thus  geared  costs  less  and  has  a  much  neater  appearance,  than  with 
large  heavy  drums;  and  in  belting,  if  the  power  of  a  belt  18  inches 
wide  were  required,  it  would  be  much  better  to  put  in  two  9-incli 
belts  than  one  so  wide,  owing  to  the  greater  inequalities  of  leather 
in  such  large  pieces  causing  loss  of  adhesion." — I.  II.  B.  in  Frank, 
last.  Jovr.^  June,  1837,  p.  451. 

"  Xo  belt  should  be  worked  up  to  its  full  power,  and  is  best  run 
with  the  slack  side  on  the  top  and  on  large  pulleys  at  high  velo- 
city, a  long  slack  belt  will  work  for  years,  but  a  short  one,  under 
heavy  strain,  is  soon  destroyed." — E.  F.  in  Sci.  Amer.^  September, 
1855"  p.  14. 

Long  belts  are  preferred  to  short  ones,  but  care  must  be  taken 
that  the  length  be  not  too  great. 

We  have  a  case  in  point  where  a  00-inch  pulley  at  45  rev.  per 
min.  drove  a  15-inch  pulley,  about  50  feet  distant,  by  an  11-inch 
belt,  109  feet  long.  The  tops  of  the  pulleys  were  nearly  on  tho 
same  level,  and  the  belt  was  crossed. 

This  belt  was  continually  flapping  about,  soon  became  crooked 
and  irregular  in  width  and  was  frequently  torn  asunder  at  the  lac- 
ings by  excessive  tension,  and  the  whole  arrangement  proved  very 
troublesome  until  changed  to  the  following:  The  speed  of  the  60- 
inch,  and  the  diameter  of  the  driven  ])ulley  were  doubled,  and  the 
distance  between  their  centres  was  reduced  to  15  feet.  The  belt 
now  drives  with  more  power,  gives  greater  regularity  of  speed  and 
works  better  every  way. 

Another  case  of  excessive  length,  which  has  come  under  our 
notice,  is  that  of  an  11-inch  open  belt  on  a  4-foot  pulley  running 
horizontally  at  a  speed  of  2201  feet  per  minute  over  a  32inch 
pulley,  30^  feet  distant.  To  prevent  surging,  this  belt  must  be 
drawn  and  laced  very  tightly  :  too  much  so  for  economical  running. 

Some  facts  illustrating  the  evils  of  .short  belts  were  given  to  me 
by  a  friend. 

A  30-inch  pulley,  running  127  rev.  per  min.,  drove  a  9inch  pul- 
ley by  a  5-inch  belt  14  feet  long,  the  shafts  were  nearly  in  a  hori- 
zontal plane  and  the  lower  fold  of  the  belt  did  the  driving. 

To  do  a  certain  work  this  belt  frequently  slipped  even  when 
drawn  very  tightly,  so  much  .so,  that  it  tore  out  at  the  lacings 
almost  daily,  and  sometimes  three  times  a  day. 

After  much  inconvenience  it  was  changed  for  a  belt  44  feet  long; 
Vol.  LVI.— Third  Series.— No.  G.— Deckmhkb,  18G8.  4'J 
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the  9-incli  pulley  shaft  being  removed  horizontally  to  accommodate 
the  increased  length,  while  all  the  other  parts  remained  the  same. 

It  now  performs  very  satisfactorily ;  it  does  not  slip,  holds  at 
the  lacings  and  the  slack  fold  above  sometimes  nearly  touches  the 
driving  one  beneath. 

The  9-inch  pulley  shaft  carries  an  18-inch  pulley,  which,  in  its 
turn,  drives  a  7-inch  pulley  below  on  an  Alden  fan  spindle. 

Variation  of  Speed. 

From  experiments  made,  it  has  been  ascertained  that  about  two 
revolutions  per  hundfed  are  lost  in  the  transmission  of  motion  by 
a  belt.  In  ordinary  practice  this  would  be  a  slight  loss,  and  would 
in  no  wise  interfere  with  the  usual  manufacturing  processes,  but 
where  there  is  a  long  train  of  gear  repeated  from  shaft  to  shaft  by 
belts,  the  loss  becomes  serious. 

It  is  clear  if  the  co-efficient  of  loss  by  slippage  be  '98  for  a  single 
pair,  which  has  been  verified  with  great  certainty  by  varying  the 
tensions  of  the  same  belt,  it  will  become  equal  to  the  successive 
powers:  -98,  -96,  -94,  -92,  -90,  and  so  on;  so  that  after  a  succession 
of  five  speeds  the  loss  amounts  to  -j'^^^  ^f  the  calculated  speed,  and 
that  at  the  end  of  thirty-four  speeds  the  velocity  will  be  reduced 
to  half. 

From  these  considerations  it  appears  that  where  it  is  required  to 
transmit  speeds  as  near  determinate  as  may  be,  by  means  of  bands 
and  pulleys  it  is  necessary  to  increase  the  diameter  of  the  driving 
pulley  by  its  fiftieth  part,  or  diminish  the  driven  pulley  in  the  same 
ratio.     See  Lond,  Mech.  3fag.,  March,  1863. 

"  I  have  found  by  experiment  that  if  equal  weights  were  sus- 
pended upon  opposite  sides  of  the  same  pulley,  by  straps  of  equal 
wt.,  but  of  unequal  thickness,  the  wt.  suspended  by  the  thick  strap 
would  preponderate,  and  which  seems  evident  from  the  considera- 
tion that  the  thick  belt  carries  the  wt.  further  from  the  centre  of 
motion." — E.  M.  C.  in  Sci.  Amer.,  Jan.,  1851,  p.  142. 

"  Experiment  has  taught  that  ropes,  belts,  &c.,  in  coiling  around 
cylinders,  or  pulleys,  stretch  on  the  outer  side  and  contract  on  the 
inner :  the  stretch  being  2,  and  the  contraction  1,  consequently  the 
point  that  neither  stretches  nor  contracts  is  J  the  thickness  from  the 
inside."~H.  W.  B.  in  Sci.  Amer.,  Feb.,  1851,  p.  158. 

*'  I  have  always  noticed  in  substituting  a  thick  for  a  thin  belt 
and  vice-versa,  particularly  on  machines  where  the  calculations  are 
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nice,  that  a  change  in  the  working  of  the  machine  always  ensued. 
Some  of  our  best  and  most  practical  manufacturers  here,  add  the 
thickness  of  the  belt  to  the  diameter  of  the  pulley." — E.  B.  M., 
Manchester,  N.  H,,  in  Sci.  Amer.,  Feb.,  1851,  p.  174. 

Speed. 

The  best  speed  for  economy  is  1000  to  1200  feet  per  minute, 
1500  will  do  very  well,  but  at  2000  feet  per  minute  economy  must 
be  neglected." 

"  To  get  the  best  results  from  belts  they  should  not  be  driven 
more  than  1800  feet  per  minute. 

"A  leather  belt  ought  to  have  a  velocity  of  at  least  1500  feet  per 
minute,  and  not  more  than  2000  feet,  or  it  does  not  last  long. 

Comparison  of  Flat  with  Round  Belts. 

The  apparatus  used  for  testing  the  comparative  adhesion  of  good 
flat  and  round  belting,  the  latter  made  under  the  patent  of  George 
Miller,  granted  in  the  year  1854,  consisted  of  a  horizontal  shaft  in 
fixed  bearings,  carrying  a  12-inch  pulley  of  over  3-inch  face  and  a 
12-inch  wheel  with  groove  \  inch  deep,  formed  for  receiving  a  \ 
inch  diameter  round  belt.  Parallel  to  this  shaft  and  10  or  12  feet 
distant  was  arranged  another  shaft,  with  similar  pulleys,  turning  in 
a  sliding  frame,  carrying  also  another  flat  face  12-iuch  pulley. 

A  flat  3-inch  belt,  with  grained  side  next  the  pulleys,  on  trial 
would  not  lift  87  pounds,  which  were  suspended  from  the  periphery 
of  the  other  12-inch  pulley,  a  work  doubly  performed  by  the  J- 
inch  round  belt  under  the  same  tension.  On  the  other  hand,  a  ten- 
sion of  174  pounds  on  the  flat  belt,  applied  to  the  sliding  frame, 
was  necessary  to  give  it  sufficient  adhesion  to  lift  the  87  pounds 
weight.  It  is,  therefore,  inferred  that  the  round  belt  possesses  an 
adhesive  quality  four  times  that  of  the  flat  belt,  and  must  be  more 
durable  as  the  mean  increases  with  the  tension. 

Experiments  prove  that  \  inch  round  belt  is  more  than  c^ual  to 
a  1  inch  flat,  and  a  i  inch  round  more  than  a  3-inch  flat.  The 
economy  of  space  and  material,  and  diminished  friction  of  journals 
are  points  of  great  importance  to  manufacturers. 

Pulleys  for  round  belts  should  have  a  V  form  not  a  U-shaped 
groove. 

"These  round  belts  are  made  by  scarfing  a  broad  belt,  and  roll- 
ing it  up,  not  spirally,  lengthwise,  but  in  a  horizontal  fold,  so  as  to 
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form  a  perfect  round  tube,  witli  a  very  small  central  bore." — Sci. 
Amer.^  April,  1859,  p.  285. 

JRtihher  Belting. 

"A  glazed  face  is  just  what  I  want  on  a  rubber  belt;  you  may  be 
sure  you  have  your  belt  in  good  working  condition  if  the  face  pol- 
ishes up  smooth  so  as  to  shine.  I  have  been  running  rubber  belts 
for  fourteen  years  and  have  now  over  3000  feet  of  all  widths  from 
2  feet  to  2  inches,  running  in  the  factory  with  which  I  am  connected, 
and  I  always  want  to  see  the  faces  smooth  up  and  become  glossy." 

"  There  is  considerable  difference  in  these  belts,  even  in  the  same 
lots,  but  those  do  best  that  polish  on  the  face  by  use,  provided  they 
are  at  the  same  time  flexible." 

"  I  think  it  is  a  great  mistake  to  have  belts  thick ;  to  get  power  it 
is  much  better  to  add  to  the  width,  and  never  strain  the  belt  too 
hard  ;  then  get  your  pulleys  as  smooth  as  possible,  a  very  little 
swollen  in  the  middle,  say,  |  inch  to  the  foot  in  width.  In  starting 
a  rubber  belt,  the  dust  should  be  first  brushed  off  it;  if  it  begins 
to  polish,  you  may  be  sure  you  will  have  no  trouble  with  it." 

"Some  of  my  neighbors  use  double  leather  belts  which  are  ver}'- 
expensive ;  but  for  economy  and  keeping  up  a  uniform  speed,  give 
me  a  rubber  belt  of  liberal  width,  not  too  thick,  but  flexible.  I 
have  run  such  belts  from  three  to  five  years  without  altering  a 
lacing,  and  have  now  running  some  which  have  been  in  use  from 
seven  to  ten  years.  There  is  another  good  thing  in  rubber  belts ; 
they  keep  tight  on  the  edges.  I  have  found  it  a  good  plan  to  lag 
pulleys  with  a  piece  of  rubber  belt;  if  fitted  on  neatly  it  makes  a 
really  good  lagging." 

"  At  Chickering  k  Sons'  great  piano  factory,  which  is  close  by 
me,  they  run  with  rubber  belts ;  their  main  belt  and  pulley  are  as 
smooth  as  glass.  There  is  not  in  New  England,  better  or  neater 
adjusted  machinery  than  theirs." — B.  M.  C,  Roxbury,  Mass.,  in 
JSci.  Amer.,  Nov.,  1860,  p.  294. 

'A  vulcanized  india  rubber  belt  will  sustain  a  greater  stress  than 
leather,  added  to  which  its  resistance  to  slipping  is  from  50  to  85 
per  cent,  greater." 

(To  be  continued.) 
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THE  MANUFACTURE  AND   WEAR  OF   RAILS. 

By  Christer  Peter  Sandbkro,  Assoc.  Inst.  C.  E. 

In  these  times,  when  communication  between  different  places  is 
carried  on  mainly  by  the  system  ofrailway.s,  it  becomes  important 
to  determine  the  best  mode  of  manufacturing  railway  bars,  so  as  to 
obtain  the  greatest  amount  of  wear,  at  the  least  possible  cost. 

As  this  question  is  one  of  increasing  interest,  the  autlior  has 
thought  it  might  be  profitable  to  communicate  to  the  members  of  the 
Institution  of  Civil  Engineers,  the  experience  he  has  gained  during 
the  last  six  or  seven  years,  while  engaged  in  superintending  the 
supply  of  rails  to  the  three  Scandinavian  countries,  Sweden,  Nor- 
way and  Denmark. 

The  paper  will  be  divided  into  three  parts.  First,  as  to  the  best 
method  of  manufacturing  rails  out  of  common  iron,  and  as  to  the 
time  they  will  last.  Secondly,  as  to  the  disposal  of  the  iron  rails 
when  they  are  worn  out;  and  thirdly,  as  to  whether  iron  or  steel, 
or  a  combination  of  the  two  materials,  is  the  most  economical  to 
use  for  rails. 

The  mode  of  manufacturing  rails  for  Sweden,  as  carried  out  in 
"Wales,  between  the  years  1856  to  1860,  consi.sted  in  hammering 
the  pile  for  the  top  slab  after  the  first  welding  heat,  and  in  rolling 
it  after  the  second  heat.  It  was  supposed  that  hammering  would 
produce  a  superior  weld  and  a  harder  wearing  surface,  than  could 
be  obtained  by  rolling  alone.  This  method  was,  however,  gradu- 
ally superseded  at  other  works  in  England,  and  in  Wales,  during 
the  period  referred  to,  by  rolling  only. 

Hammering  the  slab  after  the  first  welding  heat  entailed  an  addi- 
tional charge  of  20  per  cent,  per  ton,  it  therefore  became  the  duty 
of  the  Swedish  Government  to  determine,  by  practical  trials,  whether 
the  value  of  the  finished  rail  was  correspondingly  increased. 

With  this  object  in  view,  several  rails  were  rolled,  and  arrange- 
ments were  made  for  putting  them  down,  in  such  situations,  on 
some  of  the  English  lines,  as  would  expose  them  to  severe  wear. 
The  experiments  further  aimed  at  discovering,  if  possible,  how  long 
the  rails  manufiictured  at  the  Crown  Avon  Works,  in  South  Wales, 
and  imported  into  Sweden,  would  resist  the  traffic  of  that  country. 

Five  different  kinds  of  "piles"  were  emj)l()yed,  twenty  rails,  of  a 
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flange  section,  4|  inches  deep,  and  weighing  62  pounds  per  yard, 
being  rolled  of  each  particular  sort. 

The  mode  of  manufacture  was  as  follows : 

The  rails  marked  T  were  made  from  a  pile  formed  of  No.  2,  or 
welded  iron,  for  the  top  and  bottom,  the  rest  of  the  pile  being  of 
No.  1  puddled  bar  iron.  The  top  slab,  and  the  squares  next  to  it, 
were  made  from  an  hammered  bloom  of  ordinary  puddled  iron,  and 
filled  in  at  the  middle  with  crop  ends,  from  top  slabs  and  other 
pieces  of  No.  2  iron. 

The  rails  marked  Y  were  made  from  a  pile  of  the  same  composi- 
tion as  that  of  the  T  rkils,  with  the  difference  that  the  pile  for  the 
top  slab  consisted  of  puddled  bars,  without  any  welded  iron  pieces- 
or  crop  ends  being  introduced  in  the  middle  of  the  pile. 

The  pile  for  the  rails  marked  H  was  composed  of  a  top  slab  made 
from  puddled  bars,  hammered  after  the  first  heat,  and  rolled  after 
the  second  heat,  similar  to  the  rails  marked  Y,  the  iron  for  the 
flange  consisting  of  four  pieces  instead  of  eight. 

The  pile  for  the  rails  marked  E  was  exactly  similar  to  that  for 
rails  marked  H,  excepting  that  the  pile  for  the  top  slabs  was  rolled 
after  the  first  heat,  as  well  as  after  the  second  heat.  This  difference 
in  the  mode  of  manufacture  was  adopted  in  order  to  'discover 
whether,  in  this  common  iron,  hammering  improved  the  rail  to  a 
corresponding  extent.  Instead  of  No.  2  iron,  puddled  bars  were 
chiefly  used  for  the  squares  near  the  slab,  and  for  the  foot  of  the 
rail. 

The  pile  for  the  rails  marked  N  consisted  of  puddled  bars,  with- 
out any  top  slab. 

All  the  rails  passed  through  the  rolling  successfully,  with  the 
exception  of  the  N  rails,  some  of  which  showed  cracks,  owing  to 
the  inferior  quality  of  the  puddled  bar. 

The  London  and  Northwestern  Eailway  Company,  being  inte- 
rested in  this  problem,  allowed  experiments  to  be  made  on  their 
line,  so  far  as  the  wear  of  these  experimental  rails  was  concerned. 
The  experiments  were  carried  out  at  Camden  Town  Station,  where 
the  rails  could  be  better  and  more  thoroughly  tried  than  elsewhere ; 
first,  on  account  of  the  enormous  traffic  which  obtains  at  that  spot ; 
secondly,  from  the  constant  shunting;  and  thirdly,  owing  to  the 
grinding  action  of  the  engine- wheels  in  starting  the  trains.  The 
result  of  these  experiments  is  shown  in  a  series  of  tables,  drawn  up 
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by  Mr.  IT.  Woodhouse,  Superintendent  of  Permanent  Way 
Apj^eralix. 

The  following  Tables  show  the  number  of  tons  pa.ssod  over  each 
experimental  rail  before  it  was  crushed,  and  also  before  it  was 
taken  out. 


Mark  of  Rails. 

Crushed. 

Worn  Out. 

Tons. 

Tons. 

T 

3,080,000 

5,060,000 

TT 

4,140,000 

5,290,0C0 

XZ 

3,220,000 

5,0)0,000 

S 

6,900,000 

8,970,000 

IT 

3,220,000 

5,520,000 

Another  table,  calculated  from  the  preceding  one,  shows  how 
long  the  rails  will  last,  supposing  them  to  be  passed  over  by  3,000 
trains  yearl}'-,  each  train  being  composed  of  an  engine  weighing  30 
tons,  and  of  20  wagons  of  10  tons  each,  or  a  gross  load  of  230  tons. 

From  these  Tables  it  was  ascertained  that  the  live  dilYerent  de- 
scriptions of  rails  were,  on  the  average,  crushed  in  6  years,  and 
worn  out  in  9  years,  thus : 
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Years. 
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Years. 

Years 

Years. 

Years.  Years. 

Years.  Years. 

5           7 

6 

7 

6 

7 

10 

13 

5 

8 

As  the  object  of  these  experiments  was  chiefly  to  a.scertain  the 
difference  between  a  rolled  and  a  hammered  slab,  both  made  from 
inferior  iron,  E  representing  the  former,  and  H  the  latter,  those 
rails  were  placed  so  as  to  compare  their  relative  resistance  to  wear 
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and  the  result  shows  the  E  rail,  with  the  rolled  slab,  to  be  superior 
at  each  place  where  the  rails  were  tested. 

Among  the  other  descriptions  of  rails,  the  N  section  endured  the 
longest,  although  it  had  no  top  slab  of  No.  2  iron. 

The  conclusion  is  thus  arrived  at,  that  hammering  after  the  first 
welding  heat,  for  this  particular  kind  of  iron,  does  not  improve  the 
endurance  of  the  rails,  but  that  the  simplest  mode  of  manufacture 
has  also  the  material  advantage  of  being  the  best.  These  trials,  at 
the  same  time,  establish  the  flict,  that  it  is  not  the  wear  or  dimin- 
ished sectional  area,  caused  bj  abrasion,  which  produces  the  un- 
satisfactory results  in  the  endurance  of  iron  rails,  but  the  lamination 
caused  by  imperfect  welding.  This  explains  the  great  difference  in 
the  result  between  the  wear  of  rails  made  in  exactly  the  same  way, 
the  welding  in  the  one  case  being  perfect,  whilst  in  the  other  it  has 
been  very  imperfect. 

The  results  obt;iined  at  the  Camden  Town  Station,  however,  are 
not  applicable  to  the  circumstances  and  conditions  of  the  wear  of 
rails  which  occurs  under  ordinary  traffic,  but  rather  to  exception- 
able situations,  where  the  wear  is  occasioned,  principally,  by  the 
frequent. use  of  the  breaks,  and  by  continual  shunting,  in  a  much 
higher  degree  than  at  any  other  point  of  the  line.  These  results  may 
also  be  attributed,  in  part,  to  the  great  weight  of  the  locomotives, 
in  proportion  to  the  weight  of  this  particular  section  of  rail. 

Kails  of  the  same  dimensions,  and  of  similar  quality  of  iron 
to  those  marked  E,  have  been  tried  on  the  Great  Northern  Rail- 
way, and  have  lasted  during  the  passage  of  about  65,000  trains,  of 
a  total  aggregate  weight  of  13,000,000  tons,  one-fourth  part  of  this 
traffic  being  at  a  speed  of  about  forty  English  miles  per  hour,  and 
the  remaining  three-fourths  of  fifteen  miles  an  hour. 

These  experiments  confirm  the  rule  laid  down  in  Mr.  R.  Price 
Williams's  paper  "  On  the  Maintenance  of  Permanent  Way,"  viz  : 
that  the  endurance  of  rails  may  be  measured  by  the  product  of  the 
speed  and  of  the  passing  weight.  The  trial  rails  on  the  Great 
Northern  Railway  may  thus  be  said  to  have  borne  276,000,000 
tons,  at  a  speed  of  one  mile  per  hour.  The  endurance  of  the  rails 
tried  at  Camden  Town,  under  such  unusual  circumstances,  is  much 
le5s,  and  may  be  represented  by  120,000,000  tons  at  a  speed  of  one 
mile  per  hour. 

Another  mode  of  arriving  at  a  judgment  as  to  the  endurance  of 
these  rails  on  the  Swedish  State  Lines,  is  found  in  the  renewals 
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wliicli  have  been  already  made  on  those  railways.  The  present 
experience  extends  over  a  period  of  nine  years  on  portions  of  the 
most  severely  worked  lines,  namely,  at  Gottenburg  and  Malmo ; 
and  also  during  a  period  of  six  years  on  the  whole  system.  The 
renewals  on  the  main  line  have  been  in  an  increasing  proportion, 
being  in  one  case  30  or  40  per  cent,  higher  than  in  the  preceding 
year;  and  a  mean  calculation  gives  the  probable  result  that,  taking 
the  last  renewals  of  the  rails  laid  down  on  the  lines  at  about  eighteen 
years  from  the  commencement,  the  average  life  of  the  rails  will  be 
fifteen  years. 

The  weight  which  has  passed  over  the  rails  during  these  fifteen 
years,  judging  from  the  reports  contained  in  the  annual  accounts  of 
the  Government  Hallway  Administration,  as  to  the  traffic  returns 
of  all  the  State  lines,  during  the  years  1862  to  1865,  may  be  assumed 
to  be  a  yearly  increase,  in  the  gross  load,  of  only  15  per  cent,  per 
mile,  after  the  year  1865.  The  yearly  increase,  however,  on  the 
line  nearest  Gottenburg,  since  1862,  of  transported  goods,  has 
amounted  to  30  per  cent.,  and  near  Malmo  to  18  per  cent.  Further, 
supposing  the  same  proportion  to  exist  between  the  gross  and  the 
nett  loads  for  the  year  1865,  it  may  be  taken  at  about  6,000,000 
tons,  a  quantity  which,  compared  with  the  results  obtained  on  the 
English  lines,  giving  for  the  life  of  the  best  of  the  three  first  sorts 
of  rails,  the  same  average  life  as  that  of  the  E  rails.  This  confirms 
the  correctness  of  the  theory  that  the  life  of  rails  is  measured  by 
the  product  of  the  weight  and  the  speed. 

The  rails  used  on  the  Swedish  lines  are  mostly  of  the  E  or  rolled 
class  before  mentioned.  Those  tried  on  the  Great  Northern  line 
were  also  of  that  kind  of  manufacture,  but  of  a  heavier  section. 
The  speed  at  which  the  load  was  carried  over  the  experimental 
rails  on  the  Great  Northern  Railway  was  much  higher  than  on  the 
Swedish  lines,  being  in  the  proportion  of  twenty  on  the  Great 
Northern  to  sixteen  miles  average  speed  on  the  Swedish  railways. 

The  conclusions  the  author  has  arrived  at  are,  that  no  rule  can 
be  laid  down  for  the  manufacture  of  rails  that  will  apply  to  every 
manufacturing  district;  but,  that  in  the  case  of  Welsh  iron,  to 
which  he  has  more  particularly  referred,  it  has  been  proved  that 
the  best  mode  of  manufacturing  the  rails  is  that  now  most  com- 
monly practiced,  viz:  rolling  the  iron  into  bars,  piling  those,  and 
repeated  rolling  to  the  finished  rail,  without  hammering.  The 
author  assumes  the  prejudicial  result  from  hammering  to  be  owing 
Vol.  LVI.— Third  Skries— No.  C— December,  1863.  50 
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to  the  large  amount  of  sulphur  in  the  Welsh  iron.  Where  the  iron 
contains  more  phosphorus  and  less  sulphur,  as,  for  instance,  in  the 
Cleveland,  Belgian,  and  French  iron  districts,  hammering  has  proved 
beneficial,  and  rails  have  been  made  direct  from  puddled  bars,  with- 
out the  intermediate  process  of  piling,  this  being,  in  fact,  the 
method  generally  adopted  in  those  places,  and  being  found  to 
answer  best. 

These  experiments  seem  to  indicate  that  220,000,000  tons  may- 
be carried  over  rails,  of  the  section  and  make  referred  to,  at  a  speed 
of  one  mile  per  hour ;  so  that  any  railway  company,  knowing  the 
which  yearly  passes  over  their  line,  and  the  speed,  may,  by 
multipl)'ing  the  one  into  the  other,  and  dividing  that  product  by 
220,  asc  0  I  •■!   t   ^  J.  ^  of  iron  rails  in  years. 

(To  be  continued.) 


THE  ECONOMICAL  CONSTRUCTION  OF  BEAM  TRUSSES. 

By  G.  S.  Morison,  C.  E. 
(Continued  from  page  310.) 
Trusses  continuous  through  a  number  of  Spans. 
If  a  single  loaded  beam  rests  upon  several  supports,  the  load 
will  cause  it  to  bend  in  a  manner  similar  to  that  shown  in  Fig.  31 
(Plate  II),  the  curvature  being  reversed  once  in  each  end  span,  and 
twice  in   every  intermediate  span.     The   parabolas  denoting  the 
bending  strains  will  form  a  series  similar  to  that  shown  in  the  same 
figure.     As  the  bending  strains  vanish  at  the  points  of  reversal, 
the  intermediate  part  of  the  beam  becomes  for  the  time  an  inde- 
pendent girder ;  one-half  of  its  weight  is  carried  in  either  direction, 
and  the  sign  of  the  shearing  strains  changes  midway  between  these 
points  of  reversal,  instead  of  at  the  centre  of  the  beam,  as  in  iso- 
lated spans.     But  though  both  classes  of  strains  are  affected  mate- 
rially by  the  condition  of  continuity,  the  laws  which  govern  their 
relative  variations  do  not  change ;    the  shearing  strains  increase 
uniformly  while  the  load  is  uniform,  and  the  increment  of  the  chord 
strains  is  everywhere  the  shearing  strain  divided  by  the  depth  of 
truss.  If  the  negative  bending  strains  over  the  piers  are  once  known, 
all  other  strains  are  easily  determined. 

Let  A  ]J  c  D,  (Fig.  32,  Plate  III.),  represent  a  part  of  a  beam  distorted 
by  a  load,  and  xhCD  the  same  when  relieved  of  its  strains.    Unless 
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the  distortion  is  excessive,  a  b  may  be  regarded  equal  to  A  E  and  D  F 
to  D  c,  the  elongation  of  the  lower  chord  being  F  c,  and  the  shortening 
of  the  upper  chord,  EB.  The  amount  of  curvature  is  given  by  the 
angle,  gst«=»eo6  =  Foc;  the  two  last  angles  are  respectively  pro- 
portional to  E  B  and  FC,  which,  being  the  changes  of  length  caused 
by  the  chord  strains,  are  proportional  to  the  sum  of  the  strains  act- 
ing in  A  B  and  D  c.  It  follows  that  the  amount  of  curvature  in  a 
loaded  beam  is  everywhere  proportional  to  the  bending  or  chord 
strain. 

In  Fig.  33,  Plate  III.,  a  b  represents  one  span  of  a  continuous 
girder.  Let  Sj  denote  the  negative  chord  strain  at  a  and  s_,  that  at 
B,  A,  the  shearing  strain  at  A  and  B,  that  at  B,  s  the  chord  strain  at 
any  point,  P,  distant  x  from  A.     The  shearing  strain  at  P  will  be — 

Aj  —  u-x 
the  sum  of  the  shearing  strains  between  a  and  P 


the  chord  strain  at  P 


A,  X—  2" 

and  the  sum  of  the  chord  strain  between  A  and  P,  given  by  the 
negative  and  positive  areas  F  a  m  and  M  X  P,  or  F  m  X  L  —  a  P  L  F 

A,  a:^       tvx^ 

^'■'''"^  ~2h  ~  e/f 

Since  the  amount  of  curvature  is  proportional  to  this  sum,  angle 

o  T  u  =  angle  o  P  Q  -f  angle  u  R  s  ^  cf  s,  x  -f-      '  . ^j-  1  (2.) 

c  being  a  constant  determined  by  the  depth  of  truss,  nature  of  its 
material,  &c. 

Representing  by  y  the  elevation  or  depression  of  the  point  P 
above  or  below  A,  tang,  angle  o  pq  becomes  the  differential  co-effi- 
cient of  y  taken  relatively  to  a: ;  as  o  P  Q  is  exceedingly  small,  the 
angle  itself  may  be  taken  equal  to  its  tangent,  and  the  integral  of 
the  last  equation  gives 

^        1                    /    s,  a:*     ,    A,  ar*          wx*  ..  , 

y-xX  angle  i;  K  s  =  c(  --i^  -f  -  ^^ ^^^  (3.) 

eliminating  A  between  equations  (1)  and  (3.) 

w         1  /  S,  a:*    .      S  a:*    ,     wa^    \  . ,  . 

y  — arXangle  URS  =  c^     2  ^  "^  ~   6""  ■•"  "247r  J  ^"^'^ 

For  the  point  B,  if  the  two  supports  are  of  equal  height, 
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x=l^  ?/  =  0,  u  R  s  —  V X z,  and  s  =  s^  and  equation  (4)  becomes — 

angle  vxz=c^-^+-g-+24^j  (o.) 

Applying  equation  (5)  to  Fig.  30,  and  denoting  the  strains  over 
the  three  supports  A  B  and  c  by  Sj,  So,  and  S3,  the  lengths  A  B  and 
BC,  by  Z  and  Z',  and  their  respective  loads  by  lo  and  to' ^  we  hence — 

angle  RST  =  c(-^+-^4--2ir) 

,  /  S.J       s^l       ivP\ 

anglePSU=c(-^-  +  -^+-2^J 

But  angle  P s u  =  —  angle  est,  have — 

s,  r      s,V_      v/P_  _  _  sj  __M    ,  }^_ 
"T"  "^  "6    "^    2-i/i   —      '3  6    "^  Wi 

and  reducing — 

s,Z+2s,(Z  +  Z')+S3Z'  +  -|f +  ^=0 

an  equation  expressing  a  single  relation  between  the  strains  over 
these  successive  points  of  support. 

Applying  this  equation  to  each  set  of  three  successive  supports, 
two  less  equations  are  obtained  than  the  entire  number  of  supports. 
But  since  the  strains  over  the  extreme  supports  at  each  end  of  the 
girder  are  equal  to  zero,  the  number  of  equations  is  the  same  as 
the  number  of  unknown  quantities. 

The  shearing  strains  are  determined  by  equation  (1.)  which  gives, 
X  being  made  equal  to  I — 

(s.,  —  s.)  h       wl 
'  Z  ^    2 

and  throughout  the  span  these  strains  will  differ  from  those  in  a 

similar  isolated  span  by  the  constant  quantity,  ^— — j-^ — .     They  are 

more  intense  at  one  end  than  in  an  isolated  spar,  and  less  so  at  the 
other,  the  greater  intensity  being  at  that  end  at  which  the  negative 
bending  strain  is  the  greater. 

Having  determined  the  chord  strains  over  the  piers,  and  the 
shearing  strains  for  the  corresponding  load,  the  chord  strains  at  any 
point  may  be  readily  calculated,  but  will  be  more  readily  found  by 
drawing  the  parabola  indicating  them.  This  parabola  passes  through 
the  points  F  and  G  (Fig.  33),  a  f  being  equal  to  Sj  and  B  g  to  S2,  and  has 
for  its  axis  the  line  0  n,  perpendicular  to  A  B  at  the  point  where  the 
shearing  strain  changes  its  sign.  Since  the  curvature  of  this  para- 
bola is  determined  by  the  inclination  of  the  line,  d  e,  which  is  de- 
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pendent  solely  on  the  intensity  of  the  load,  the  parabola  will  have 
the  same  parameter  as  in  a  disconnected  span,  or  in  a  span  of  differ- 
ent length,  but  loaded  with  the  same  weight  per  foot. 

The  strains  in  each  span  differ  materially  with  the  distribution 
of  the  load  upon  the  other  spans,  and  it  is  necessary  to  consider  a 
number  of  arrangements  of  this  load,  and  to  proportion  the  chords 
at  each  point  with  reference  to  the  maximum  strain  under  any  pos- 
sible arrangement.  This,  though  a  matter  of  considerable  difficulty 
when  the  strains  are  all  calculated,  becomes  exceedingly  simple  when 
they  are  determined  by  constructing  the  corresponding  curves.* 

It  is  not  necessary  to  consider  all  possible  distributions  of  the 
load,  but  in  general  it  will  be  enough  to  treat  each  successive  span 
as  loaded,  and  then  examine  three  distributions  which  make  the 
strains  most  intense  at  each  end,  and  at  the  centre  of  this  span,  the 
last  condition  occurring  when  the  sum  of  the  strains  at  both  ends 
of  the  span  is  least.  When  great  accuracy  is  required,  the  distri- 
butions complementary  to  these  should  also  be  examined,  though 
as  this  will  affect  the  results  only  near  the  points  of  contrary  flex- 
ure where  a  considerable  excess  of  metal  will  always  be  placed, 
such  an  examination  is  seldom  necessary. 

Referring  to  Fig.  S-i,  Plate  III.,  it  appears  that  a  weight  on  either  of 
the  spans,  a  or  a^  increases  the  strain  over  A,  while  weights  on  h  and 
h^  by  balancing  in  part  the  weights  on  a  and  a',  relieves  the  strain  at 
Aj ;  and  again  a  load  on  c  and  Cj  will  relieve  the  strains  at  B  and  Bi, 

*  Tho  easiest  method  of  drawins;  those  parabolas  is  to  cut  a  parabola  of  the  de- 
sired parameter  from  a  piece  of  stitF  card  board,  and  keeping  the  axis  vertical,  move 
it  about  till  it  pusses  through  the  points  representing  Sj  and  8,,  then  by  drawing 
the  pencil  along  the  edge  of  the  card,  the  desired  curve  is  obtained.  The  same 
course  should  then  be  repeated  for  the  values  of  Sj  and  s,,  corresponding  to  a  dif- 
ferent distribution  of  the  load.  If  the  case  of  the  unloaded  span  is  also  considered, 
two  patterns  will  be  needed,  one  corresponding  to  the  intensity  of  the  dead  load, 
and  the  other  to  the  moving  load  alone. 

From  equations  (l)and  (0)  we  obtain  for  the  general  equation 
of  the  curve  of  the  chord  strains  (f  h  o),  the  origin  being  trans-  .■•■'""^•. 

ferred  to  the  centre  of  the  span,  s=  -i-^^ ."'     — — — ^-f- 

r-T^* — ,  the  equation  of  the  corresponding  curve  (a  r  b)  for  an 

.    ,       ,          ,    .            wZ'— 4x»      ,    .                 {hl—x)+&M-lrx)  f 
isolated  span  being  s=  — r-r —  and  since  ^^s, * 

is  tho  equation  of  the  line  fq,  the  distance  of  any  point  in 
FHQ  from  the  line  Fo,  is  equal  to  the  ordinate  of  the  corresponding  point  in 
A  RB.    This  condition  furnishes  a  second  simple  method  of  constructing  the  curvei 
of  the  chord  strain  in  a  continuous  girder. 
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and  increase  that  at  A;  and  in  general,  the  strain  over  a  pier  is  in- 
creased by  a  weight  on  the  first,  third,  fifth,  &c.  span  on  either  side 
of  it,  and  diminished  by  a  weight  on  the  second,  fourth,  sixth,  &c. 
The  influence  of  a  weight  on  the  spans,  h  and  c  is  greater  at  b  than 
at  the  more  distant  support.  A,  and  the  sum  of  the  strains  at  A  and 
B  will  therefore  be  increased  by  weights  on  h  a^  d  c\  &c.,  and  dimin- 
ished by  weights  on  c  />\  &c. ;  hence  the  strain  at  the  centre  of  a 
span  is  diminished  by  a  load  on  the  first,  third,  fifth,  &c.,  span  on 
either  side  of  it,  and  increased  by  a  load  on  the  second,  fourth, 
sixth,  &c.  ^ 

As  in  each  end  span  there  is  but  one  point  of  contrary  flexure, 
the  strains  in  the  end  spans  will  be  wholly  out  of  proportion  to 
those  in  the  intermediate  spans,  unless  there  be  a  proper  difference 
in  their  lengths.  In  a  beam  fastened  at  the  ends,  the  distance  from 
each  point  of  reversal  to  the  nearer  support  has  been  found  to  be 
•2113  I;  in  a  continuous  girder  of  two  equal  loaded  spans,  this  dis- 
tance is  '25  I;  and  it  will  be  found  to  average  about  one-fifth  the 
length  of  an  intermediate,  and  one-fourth  that  of  an  end  span.  By 
making  the  length  of  the  end  spans  of  a  continuous  truss  four-fifths 
that  of  the  intermediate  spans,  very  nearly  the  true  proportion  is 
obtained,  and  this  simple  ratio  will  be  consistent  with  the  use  of 
panels  of  equal  length  in  every  span  of  a  bridge. 

The  saving  of  material  effected  by  building  a  bridge  in  continu- 
ous instead  of  isolated  spans,  though  obviously  great,  depends  too 
much  upon  the  special  circumstances  governing  each  case,  to  be 
expressed  by  a  formula  or  stated  in  a  table.  It  is  relatively  greater 
in  long  than  in  short  spans,  owing  to  the  increased  dead  load,  greater 
in  a  bridge  of  a  large  number  of  spans,  than  in  one  of  only  two  or 
three,  while  its  full  advantages  will  only  be  obtained  when  the  pro- 
per ratio  between  the  lengths  of  the  end  and  intermediate  spans  is 
adopted.  An  examination  of  two  simple  cases  will  illustrate  the 
use  of  the  formulae  deduced  above,  and  also  indicate  the  economi- 
cal character  of  a  continuous  girder.  The  first  case  examined  will 
be  that  of  a  pivot  draw,  the  most  common  example  of  two  connected 
spans;  and  the  second  that  of  a  bridge  of  four  continuous  fixed 
spans. 

Case  of  a  Pivot  Dnnv. 

The  two  spans  are  of  equal  length  ;  the  strains  may  be  examined 
under  four   arrangements,  including  that  in  which  the   draw  is 
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swung.     When  closed,  the  bridge  rests  upon  three  supports,  and 

we  have — 

1=1'        Sj  =  o         S3  =  o         and  equation  (6.)  becomes — 

Equation  (7.)  gives  for  the  shearing  strains  at  the  first  and  third 
supports — 


'  16  -  16 

When  the  bridge  is  swung,  it  becomes  a  beam  resting  upon  one 
central  support ;  the  shearing  strains  on  either  side  of  this  support 
will  be  equal  to  the  dead  load  of  one  arm  of  the  draw,  or  +  vjI 
[w  denoting  the  dead,  and  w^  the  moving  load),  decreasing  uniformly 
towards  the  ends  where  they  vanish.  The  chord  strains  are  always 
negative,  and  vary  as  the  external  ordinates  of  a  parabola,  from  0 

at  the  ends  to ^over  the  central  support.     Under  the  follow- 

ing  circumstances,  the  strains  at  the  support  are — 

Neither  span  loaded,  Sj  =  —  ~8A  "*  •'^i  =  ~a'"'  ^2^^ —  R^ 

l"^  I  I 

First         "         "         s,  =  — jg;r(2M;-ft<;i)     a,  =  j- (GM,+7t«>)  c,^— ^g  (6u.-u.') 

i'  3  /  H 

Both         "         "         8j  =  — («;  +  «,')    Ai=       -(Mj-f-ioi;    c,  =  — -0-^10 +io') 

8A  o  ° 

Bridge  swung,  8,  =  —  "2A~"'  Aj=Cj  =  o 

The  curves  indicating  the  strains  through  the  two  entire  spans, 

are  shown  in  Fig.  35  (Plate  HI.),  '^  being  taken  equal  to  f  w^.   When 

I-  p  ?/;' 

^,  wy  -     -  {w-{-w^),  ov  w  y  which  will  almost  always  be  the 

case,  but  two  cases  need  be  considered  in  proportioning  the  chords 
that  of  the  open  draw,  and  that  of  the  single  loaded  span. 

It  is  to  be  observed,  however,  that  these  results  are  correct  only 
when  the  draw  is  fitted  with  a  latch  capable  of  throwing  the  proper 
proportion  of  the  dead  weight  upon  the  rest  piers ;  otherwise  the 
entire  dead  weight  may  always  be  borne  by  the  centre  pier,  and  the 
moving  load  alone  should  then  be  distributed  in  the  manner  consid- 
ered above. 

(To  be  continued.) 
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LECTURE-NOTES  ON  PHYSICS. 


By  Prof.  Alfred  M.  Mayer,  Ph.D. 
(Concluded  from  page  343). 

"This  first  result  established,  let  us  recur  to  the  general  expres- 
sion of  the  pressure  corresponding  to  any  point  of  a  liquid  surface, 

an  expression  which  is  P  +  „    (  — \~~/]-     For  a  surface  of  convex 

spherical  curvature,  if  we  designate  by  d  the  diameter  of'the  sphere 
to  which   this    surface   pertains,   the   above   expression  becomes 

p  H — Y 1  ^^^  ^'^^  ^  spherical  surface  of  concave  curvature  pertaining 

O     A 

to  a  sphere  of  the  same  diameter,  we  shall  have  P j-.     Thus,  in 

the  case  of  the  convex  surface  the  total  pressure  is  the  sum  of  two 
forces  acting  in  the  same  direction — force,  of  which  one  designated 
by  P  is  the  pressure  which  a  plane  surface  would  exert,  and  the 

2  A 
other  represented  by  -,    is  the  action  which  depends  on  the  curva- 
ture.    On  the  contrary,  in  the  case  of  the  concave  surface  the  total 
pressure  is  the  difference  between  two  forces  acting  in  opposite 
directions,  and  which  are  again,  one  the  action  p  of  a  plane  surface, 

2  a 
and  the  other    y  ,  which  depends  on  the  curvature.     Whence  it  is 

4  a 
seen  that  the  quantity  —,- ,  which  represents  the  pressure  exerted 

by  a  spherical  film  on  the  air  it  encloses,  is  equal  to  double  the 
action  which  proceeds  from  the  curvature  of  one  or  the  other  sur- 
face of  the  film. 

"Now,  when  a  liquid  rises  in  a  capillary  tube,  and  the  diameter  of 
this  is  sufficiently  small,  we  know  that  the  surface  which  terminates 
the  column  raised  does  not  differ  sensibly  from  a  concave  hemi- 
sphere, whose  diameter  is  consequently  equal  to  that  of  the  tube. 
Let  us  recall,  moreover,  a  part  of  the  reasoning  by  which  we  arrive, 
in  the  theory  of  capillary  action,  at  the  law  which  connects  the 
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height  of  the  column  raised  with  the  diameter  of  the  tube.  Let  us 
suppose  a  pipe,  excessively  slender,  proceeding  from  the  lowest  point 
of  the  hemispheric  surface  in  question,  descending  vertically  to  the 
lower  orifice  of  the  tube,  then  bending  horizontally,  and  finally 
rising  again  so  as  to  terminate  vertically  at  a  point  of  the  piano 
surface  of  the  liquid  exterior  to  the  tube.  The  pressures  corres- 
ponding to  the  two  orifices  of  this  little  pipe  will  be,  on  the  one 

2  A 
part,  P,  and  on  the  other,  p ,  if  by  a  be  designated  the  diame- 

ter  of  the  concave  hemisphere,  or,  what  amounts  to  the  same  thing, 

that  of  the  tube.     Now,  the  two  forces  P,  mutually  destroying  one 

2  A 
another,  there  remains  only  the  force — ,  which,  having  a  sign 

contrary  to  that  of  P,  acts  consequently  from  below  upwards  at  the 
lower  point  of  the  concave  hemisphere,  and  it  is  this  which  sustains 
the  weight  of  the  molecular  thread  contained  in  the  first  branch  of 
the  little  pipe  between  the  point  just  mentioned  and  a  point  situ- 
ated at  the  height  of  the  exterior  level.     This  premised,  let  us  re- 

2  A  . 

mark  that  the  quantity  is  the  action  which  results  from  the 

curvature  of  the  concave  surface.     The  double  of  this  quantity  or 

4  A 

-.  ,  will  therefore  express  the  pressure  exerted  on  the  enclosed 

air  by  a  laminar  sphere  or  hollow  bubble  of  the  diameter  5,  and 
formed  of  the  same  liquid.  It  thence  results  that  this  pressure  con- 
stitutes a  force  capable  of  sustaining  the  liquid  at  a  height  double 
that  to  which  it  rises  in  the  capillary  tube,  and  that,  consequently, 
it  would  form  an  equilibrium  to  the  pressure  of  a  column  of  the 
same  liquid  having  that  double  height.  Let  us  suppose,  for  the 
sake  of  precision,  h  equal  to  a  millimetre,  and  designate  by  h  the 
height  at  which  the  liquid  stops  in  a  tube  of  that  diameter,  We 
shall  have  this  new  result,  that  the  pressure  exerted  on  the  enclosed 
air  by  a  hollow  bubble  formed  of  a  given  liquid  and  having  a 
diameter  of  1  millimetre,  would  form  an  equilibrium  to  that  exerted 
by  a  column  of  this  li(pnd  of  a  height  equal  to  2  A.  Now,  the  pres- 
sure exerted  by  a  bubble  being  in  inverse  ratio  to  the  diameter 
thereof,  it  follows  that  the  liquid  column  which  would  form  an 
equilibrium  to  the  pressure  exerted  by  a  bubble  of  any  diameter 

whatever,  f/,jkvill  have  a  height  equal  to  -y. 
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"It  would  seem,  at  first,  that  this  last  expression  ought  to  apply 
equally  well  to  liquids  which  sink  in  capillary  tubes,  h  then  desig- 
nating this  subsidence,  the  tube  still  being  supposed  1  millimetre 
in  diameter ;  but  is  not  altogether  so,  for  that  would  require,  as  is 
readily  seen  by  the  reasonings  which  precede,  that  the  surface  which 
terminates  the  depressed  column  in  the  capillary  tube  should  be 
sensibly  a  convex  hemisphere ;  now  we  know  that  in  the  case  of 
mercury  this  surface  is  less  curved ;  according  to  the  observations 
of  M.  Bede,  its  height  is  but  about  half  of  the  radius  of  the  tube ; 
whence  it  follows  that  the  valuation  of  the  pressure  yielded  by  our 
formula  would  be  too  small  in  regard  to  such  liquids.  It  may  be 
considered,  however,  as  a  first  approximation. 

Let  us  take,  as  a  measure  of  the  pressure  exerted  by  a  bubble, 
the  height  of  the  column  of  water  to  which  it  would  form  an  equili- 
brium. Then,  if  ^  designates  the  density  of  the  liquid  of  which  the 
bubble  is  formed,  that  of  water  being  1,  the  heights  of  the  columns 
of  water  and  of  the  liquid  in  question  which  would  form  an 
equilibrium  to  the  same  pressure  will  be  to  one  another,  in  the  in- 
verse ratio  of  the  densities,  and,  therefore,   if  the  height  of  the 

2  A  2  h^ 

second  is  -^,  that  of  the  first  will  be  — 5—.      Hence,    designating 
a  a  7  o         o 

by  p  the  pressure  exerted  by  a  laminar  sphere  on  the  air  which  it 

2  A> 
encloses,  we  obtain  definitely /)=—T-,  ^  being,  as  we  have  seen, 

the  density  of  the  liquid  which  constitutes  the  film,  h  the  height 
to  which  this  liquid  rises  in  a  capillary  tube  1  millimetre  in  dia- 
meter, and  d  the  diameter  of  the  bubble.  If,  for  example,  the  bub- 
ble be  formed  of  pure  water,  we  have  ^  =  1,  and,  according  to 
the  measurements  taken  by  physicists,  we  have,  very  exactly, 
A  =  30™"";  the  above  formula,  therefore,  will  give,  in  this  case, 

JO  =  —J-.     If  we  could  form  a  bubble  of  pure  water  of  one  decimetre 

or  100"*"*,  in  diameter,  the  pressure  which  it  would  exert  would 
consequently  be  equal  to  0'""*-6,  or,  in  other  terms,  would  form  an 
equilibrium  to  the  pressure  of  a  column  of  water  0'""'*6  in  height; 
the  pressure  exerted  by  a  bubble  of  the  same  liquid  one  centimetre, 
or  10°*'"  in  diameter,  would  form  an  equilibrium  to  that  of  a  column 
of  water  6"*'".  As  regards  soap-bubbles,  their  pressures,  if  the 
solution  were  as  weak  as  possible,  would  differ  very  little  from 
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those  exerted  by  bubbles  of  the  same  diameters  formed  of  pure 
water. 

"For  mercury  we  have  ^  =  13-59,  and,  according  to  M.  BMe,  h 
about  equal  to  10""";  the  formula  would  therefore  give,  for  a  bub- 

ble  of  mercury  p=—,—  ,  but,  from  the  remark  which  closes  the 

last  paragraph,  this  value  is  too  weak,  and  can  only  be  regarded  as 

a  first  approximation.     It  only  instructs  us  that,  with  an  equality 

of  diameter,  the  pressure  of  a  bubble  of  mercury  would  exceed  four 

and  a  half  times  that  of  a  bubble  of  pure  water.     For  sulphuric 

ether,  we  have  ^  =0'71o,  and  conclude  from  measurements  taken 

from  M.  Frankenheim,  h  to  be  very  closely  to  10"""-2  ;  whence  re- 

14-6 
suits  7^= — ^-,  and  thus,  with  an  equal  diameter,  the  pressure  of  a 

bubble  of  sulphuric  ether  would  be  but  the  fourth  of  that  of  a  bub- 
ble of  pure  water. 

We  know  that  the  product  h  ^  being  the  product  of  the  capillary 
height  by  the  density,  is  proportional  to  the  molecular  attraction 
of  the  liquid  for  itself,  or,  in  other  terms,  to  the  cohesion  of  the 
liquid  ;  (see  research  of  Prof.  Henry  on  Cohesion  of  Liquids,  quoted 
in  §y.)  it  is,  moreover,  the  result  from  a  comparison  of  the  values 

4  a  2  /i  ^ 

— ,-  and  — .   ,  which  have  been  found  to  represent  the  pressure 

exerted  by  a  Ian  inar  sphere  on  the  air  which  it  contains ;  hence 
we  deduce  h>=z2  a,  and  it  will  be  remembered  that  a  is  the  capil- 
lary constant ;  that  is  to  say,  a  quantity  proportional  to  the  cohe- 

2  /<  >    . 
sion  of  the  liquid.     The  formula  ^)  =-    .      indicates,  therefore,   as 

must  be  evident,  that  the  pressure  exerted  by  a  laminary  bubble 
on  the  included  air  is  in  the  direct  ratio  of  the  cohesion  of  the  liquid 
which  constitutes  the  film  and  the  inverse  ratio  of  the  diameter  of 
the  bubble. 

'*  As  early  as  1830,  a  learned  American,  Dr.  Hough,  had  sought 
to  arrive  at  the  measure  of  pressure  exerted,  whether  on  a  bubble 
of  air  contained  in  an  indefinite  liquid  or  on  the  air  enclosed  in  a 
bubble  of  soap. 

[rnqtiiries  into  the  principles  of  liquid  attraction. — Silliman's 
Journal,  1st  series,  vol.  xvii.,  page  86.) 

"He  conceives  quite  a  just  idea  of  the  cause  of  these  pressures 
which  he  does  not,  however,  distinguish  from  one  another,  and,  in 
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order  to  appreciate  them,  sets  out,  as  I  have  done,  with  a  considera- 
tion of  the  concave  surface  which  terminates  a  column  of  the  same 
liquid  raised  in  a  capillary  tube  ;  but,  although  an  ingenious  ob- 
server, he  was  deficient  in  a  knowledge  of  the  theory  of  capillary 
action,  and  hence  arrives,  by  reasoning,  of  which  the  error  is  palpa- 
ble, at  values  and  a  law  which  arc  necessarily  false. 

"Prof.  Henry,  in  a  very  remarkable  verbal  communication  on  the 
cohesion  of  liquids,  made  in  1844,  to  the  American  Philosophical 
Society,  (Philosophical  Magazine,  1845,  vol.  xxvi.,  page  541),  de- 
scribed experiments  l^y  means  of  which  he  had  sought  to  measure 
the  pressure  exerted  on  the  internal  air  by  a  bubble  of  soap  of  a 
given  diameter.  According  to  the  account  rendered  of  this  com- 
munication, the  mode  of  operation  adopted  by  Mr.  Henry  was  essen- 
tially as  follows :  he  availed  himself  of  a  glass  tube  of.  U  form,  of 
small  interior  diameter,  one  of  whose  branches  was  bell-shaped  at 
its  extremity,  and  inflated  a  soap-bubble  extending  to  the  edge  of 
this  widened  portion ;  he  then  introduced  into  the  tube  a  certain 
quantity  of  water,  and  the  diflerence  of  level  in  the  two  branches 
gave  him  the  measure  of  the  pressure.  Unfortunately,  the  state- 
ment given  does  not  make  known  the  numbers  obtained,  nor  does 
it  appear  that  Mr,  Henry  has  subsequently  published  them.  This 
physicist  refers  the  phenomenon  to  its  real  cause,  and  states  the  law 
which  connects  the  pressure  with  the  diameter  of  the  bubble;  the 
account  does  not  say  whether  the  experiments  verified  it.  But  Mr. 
Henry  considers  that  a  hollow  bubble  may  be  assimilated  to  a  full 
sphere  reduced  to  its  compressing  surface ;  that  is  to  say,  he  attri- 
butes the  phenomenon  to  the  action  of  the  exterior  surface  of  the 
bubble,  without  taking  into  account  that  of  the  interior  surface. 
Let  us  add  that,  in  the  same  communication,  Mr.  Henry  has  men- 
tioned several  experiments  which  he  had  made  on  the  films  of  soap 
and  water,  and  which,  from  the  statement  given  would  elucidate, 
in  a  remarkable  manner,  the  principles  of  the  theory  of  capillary 
action.  It  is  much  to  be  regretted  that  these  experiments  are 
not  described 

"  In  a  memoir  presented  to  the  Philomatic  Society  in  1856,  and 
printed  in  1859  in  the  Comptes  Bendus,  (tome  xlviii.,  page  1405.) 
M.  de  Tessan  maintains  that  if  the  vapor  which  forms  clouds  and 
fogs  were  composed  of  vesicles,  the  air  enclosed  in  a  vesicle  of  0'02 
millimetre  diameter  would  be  subjected,  on  the  part  of  this  vesicle, 
to  a  pressure  equivalent  to  ^  of  an  atmosphere.    M.  de  Tessan  does 
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not  say  in  what  manner  he  obtained  this  valuation  ;  but  it  is  easily 
seen  that  he  has  fallen  into  an  error  analogous  to  that  of  Professor 
Ilenry,  in  the  sense  that  he  pays  no  attention  except  to  the  exterior 
surface  of  the  liquid  pellicle.  According  to  the  formula  of  the  pre- 
ceding paragraph,  the  pressure  exerted  on  the  interior  air  by  a 
bubble  of  water  of  0*02  millimetre  diameter  would,  in  fact,  be  equi- 
valent to  that  of  a  column  of  water  3  metres  in  height,  which  equals 
nearly  ^  of  the  atmospheric  pressure  ;  M.  de  Tessan  has  found  then 
but  half  the  real  value,  and  we  know  that  this  half  is  the  action  due  , 
to  the  curvature  of  one  only  of  the  surfaces  of  the  film. 

"After  having  obtained  the  general  expression  of  the  pressure 
exerted  by  a  laminar  sphere  on  the  air  which  it  encloses,  it  remained 
for  me  to  submit  my  formula  to  the  control  of  experiment.  I  have 
employed,  with  that  view,  the  process  of  Mr.  Ilenry,  which  means 
that  the  pressure  was  directly  measured  by  the  height  of  the  column 
of  water  to  which  it  formed  an  equilibrium. 

From  our  formula  we  deduce  p  d  =  2h^]  for  the  same  liquid, 
and  at  the  same  temperature,  the  product  of  the  pressure  by  the 
diameter  of  the  bubble  must,  therefore,  be  constant,  since  h  and  ^ 
are  so.  It  is  this  constancy  which  I  have  first  sought  to  verify  for 
babbles  of  glyceric  liquid — (a  solution  of  Marseilles  soap  and  gly- 
cerine in  distilled  water,  with  which  Plateau  made  his  bubbles) — 
of  different  diameters." 

Plateau  here  describes  his  apparatus  and  the  precautions  to  be 
used  in  making  the  measures,  which  the  reader  will  find  detailed 
in  the  Smithsonian  Eeport  for  1865. 

"  The  following  table  contains  the  results  of  these  experiments;  I 
have  arranged  them,  not  in  the  order  in  which  they  were  obtained, 
but  in  the  ascending  order  of  the  diameters,  and  I  have  distributed 
them  into  groups  of  analogous  diameters.  During  the  continuance 
of  the  operations  the  temperature  varied  from  18°"5  to  20°  C. 

*  *  *  *  ^g  ti^g  gj.gj.  diameter  is  to  those  of  the  last  group 
very  nearly  as  1  to  6,  these  results  suffice,  I  think,  to  establish  dis- 
tinctly the  constancy  of  the  product  ;)</,  and  consequently  the  law 
according  to  which  the  pressure  is  in  the  inverse  ratio  of  the  dia- 
meter. 

"As  to  the  general  mean  22'75  of  the  results  of  the  table,  its  deci- 
mal pan  is  necessarily  a  little  too  high,  on  account  of  the  excessive 
value  26'45  of  the  last  product.     As  this  product,  and  that  which 
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precedes  it,  are  those  whicli  alone  deviate  materially  from  22  in 
this  integral  part,  it  will  be  admitted,  I  think,  that  a  nearer  approach 
to  the  true  value  will  be  made  by  neglecting  these  two  products  and 
taking  the  mean  of  the  others,  a  mean  which  is  22-56,  or  more  sim- 
ply 22-6 ;  we  shall  adopt,  then,  this  last  number  for  the  value  of 
the  product pd  in  regard  to  the  glyceric  liquid. 


Diameters,  or 

Pressures,  or 

Products,   or 

values  of  d. 

values  of  p. 

values  of  jo  d. 

m  m 

m  m 

7-65 

3-00 

22-65 

10-37 

2-17 

22-50 

1055 

2-13 

22-47 

23-35 

0-98 

22-88 

26-44 

0-83 

21-94 

27-58 

0-83 

22-89 

46-60 

0-48 

22  37 

47-47 

0-48 

22-78 

47-85 

0-43 

20-57 

48-10 

0-55 

26-45 

It  remained  to  be  verified  whether  this  value  satisfied  our  for- 
mula, according  to  which  we  have  pd=2h>,  the  quantities  ^  and 
h  being  respectively,  as  we  have  seen,  the  density  of  the  liquid  and 
the  height  which  this  liquid  would  attain  in  a  capillary  tube  1 
millimetre  in  diameter.  AVith  this  view,  therefore,  it  was  necessary 
to  seek  the  values  of  these  two  quantities  in  reference  to  the  glyce- 
ric liquid.  The  density  was  determined  by  means  of  the  aerometer 
of  Fahrenheit,  at  the  temperature  of  17°  C,  a  temperature  little 
inferior  to  that  of  the  preceding  experiments,  and  the  result  was 
^  =  1-1065.  To  determine  the  capillary  height  the  process  of  Gay 
Lussac  was  employed,  that  is,  the  measurement  by  the  cathetometer, 
all  known  precautions  being  taken  to  secure  an  exact  result.  The 
experiment  was  made  at  the  temperature  of  19°  C.  ^  *  *  * 
*  *  *  The  reading  of  the  cathetometer  gave,  for  the  distance 
from  the  lowest  point  of  the  concave  meniscus  to  the  exterior  level, 
27'" '"-35. 

This  measurement  having  been  taken,  the  tube  was  removed, 
cut  at  the  point  reached  by  the  capillary  column,  and  its  interior 
diameter  at  that  point  measured  by  means  of  a  microscope,  furnished 
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with  a  micrometer,  giving  directly  hundredths  of  a  millimetre.  It 
was  found  that  the  interior  sectioii  of  the  tube  was  slightly  elliptical, 
the  greater  diameter  being  0"""-374  and  the  smaller  0'""'*857;  the 
mean  was  adopted,  namely,  0™'"*3655,  to  represent  the  interior  dia- 
meter of  the  tube  assumed  to  be  cylindrical.  To  have  the  true 
height  of  the  capillary  column,  it  is  necessary,  we  know,  to  add  to 
the  height  of  the  lowest  point  of  the  meniscus  the  sixth  part  of  the 
diameter  of  the  tube,  or,  in  the  present  case,  0""'*06  ;  the  true  height 
of  our  column  is  consequently  27'°  "'•41.  Now,  to  obtain  the  height 
h  to  which  the  same  liquid  would  rise  in  a  tube  having  an  interior 
diameter  of  exactly  a  millimetre,  it  is  sufficient,  in  virtue  of  the 
known  law,  to  multiply  the  above  height  by  the  diameter  of  the 
tube,  and  thus  we  find  definitively  ^  =  10'""'-018. 

"1  should  here  say  for  what  reason  I  have  chosen  for  the  experi- 
ment a  tube  whose  interior  diameter  is  considerably  less  than  a 
millimutre.  The  reasoning  by  which  I  arrived  at  the  formula  sup- 
poses that  the  surface  which  terminates  the  capillary  column  is 
hemispherical ;  now  that  is  not  strictly  true,  but  in  a  tube  so  nar- 
row as  that  which  I  have  employed,  the  difference  is  wholly  inap- 
plicable, so  that  in  afterwards  calculating,  by  the  law  of  the  inverse 
ratio  of  the  elevation  to  the  diameter,  the  height  for  a  tube  one  mil- 
limetre in  diameter,  we  would  have  this  height  such  as  it  would  be 
if  the  upper  surface  were  exactly  hemispherical. 

"The  values  of  >  and  h  being  thus  determined,  we  deduce  there- 
from 2  A  j>  =  22-17,  a  number  which  differs  but  little  from  22-56 
obtained  above  as  the  value  of  the  product  pel.  The  formula 
pd=2h>  may  therefore  be  regarded  as  verified  by  experiment, 
and  the  verification  will  appear  still  more  complete  if  we  consider 
that  the  two  resultsare  respectively  deduced  from  elements  altogether 
different.  I  hope  hereafter  to  obtain  new  verifications  with  other 
liquids. 

Investigation  of  a  very  small  limit  below  which  is  found,  in  the 

glyceric  liquid,  the  value  of  the  radius  of  sensible  activity  of  the  mole 

cular  attraction. 

2  /i> 
"The  exactness  of  the  formula /?:=  -  .     supposes,  as  we  arc  about 

to  show,  that  the  film  which  constitutes  the  bubble  has,  at  all  points, 
no  thickness  less  than  double  the  radius  of  sensible  activity  of  the 
molecular  attraction. 
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"We  have  seen  that  the  pressure  exerted  by  a  bubble  on  the  air 
which  it  encloses  is  the  sum  of  the  actions  separately  due  to  the 
curvatures  of  its  two  faces.  On  the  other  hand,  we  know  that, 
in  the  case  of  a  full  liquid  mass,  the  capillary  pressure  exerted  by 
the  liquid  on  itself  emanates  from  all  points  of  a  superficial  stratum 
having  as  its  thickness  the  radius  of  activity  in  question.  Now,  if 
the  thickness  of  the  film  which  constitutes  a  bubble  is  everywhere 
superior  or  equal  to  double  that  radius,  each  of  the  two  faces  of  the 
film  will  have  its  superficial  stratum  unimpaired,  and  the  pressure 
exerted  on  the  enclosed  air  will  have  the  value  indicated  by  our 
formula.  But  if,  at  all  its  points,  the  film  has  a  thickness  inferior 
to  or  double  this  radius,  the  two  superficial  strata  have  not  their 
complete  thickness,  and  the  number  of  molecules  comprised  in  each 
of  them  being  thus  lessened,  these  two  strata  must  necessarily  exert 
actions  less  strong,  and  consequently  the  sum  of  these,  that  is  to 
say,  the  pressure  on  the  interior  air,  must  be  smaller  than  the  for- 
mula indicates  it  to  be.  Hence  it  follows  that  if,  in  the  experiments 
described  above,  the  thickness  of  the  films  which  formed  the  bub- 
bles had,  through  the  whole  extent  of  these  last,  descended  below 
the  limit  in  question,  the  results  would  have  been  too  small,  but  in 
this  case  we  should  have  remarked  progressive  and  continued 
diminutions  in  the  pressures,  which,  however,  never  happened, 
although  the  color  of  the  bubbles  evinced  great  tenuity.  But  all 
physicists  admit  that  the  radius  of  sensible  activity  of  the  molecular 
attraction  is  excessively  minute. 

"But  what  precedes  permits  of  our  going  further,  and  deducing 
from  experiment  a  datum  on  the  value  of  the  radius  of  sensible 
activity,  at  least  in  the  glyceric  liquid.  *  *  * 


"After  the  film  has  acquired  a  uniform  thinness,  if  the  pressure 
exerted  on  the  air  within  the  bubble  underwent  a  diminution,  this 
would  be  evinced  by  the  manometer,  and  it  would  be  seen  to  progress 
in  a  continuous  manner  in  proportion  to  the  ulterior  attenuation  of 
the  film.  In  this  case  the  thickness  which  the  fihn  had  when  the  di- 
minution of  pressure  commenced  would  be  determined  by  the  tinge 
which  the  central  space  presented  at  that  moment,  and  the  half  of 
that  thickness  would  be  the  value  of  the  radius  of  sensible  activity 
of  the  molecular  attraction.  If,  on  the  contrary,  the  pressure  re- 
mains constant  until  the  disappearance  of  the  bubble,  we  may  infer 
from  the  tint  of  the  central  space  the  final  thickness  of  the  film,  and 
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the  litilf  of  this  thickness  will  constitute  at  least  a  limit,  very  little 

below  which  is  to  be  found  the  radius  in  question. 

******** 

*  *     *     I  deposited  in  the  bottom  of  the  dry  jar,  morsels  of 

caustic  potash,  and  contrived  by  the  application  of  a  little  lard 

around  the  orifice  of  the  jar  and  of  the  aperture  through  which 

passed  the  copper  tube,  that  after  the  introduction  of  the  bubble, 

the  pasteboard  disk  should  close  the  opening  hermetically.     *     * 
******** 

"Now,  under  these  conditions,  the  diminution  of  thickness  of  the 

film  was  continuous,  the  bubble  lasted  for  nearly  three  days,  and 

when  it  burst,  it  had  arrived  at  the  transition  from  the  yellow  to 

the  white  of  the  first  order ;  it  then  presented  a  central  space  of  a 

pale  yellow  tint,  surrounded  by  a  white  ring. 

tC-  ******* 

*  *  *  if  the  pressure  varied,  it  was  in  an  irregular  manner, 
in  both  directions,  and  terminating  not  in  a  diminution,  but  an 
augmentation,  at  least  relative;  we  may,  therefore,  admit,  I  think, 
that  the  final  thickness  of  the  film  was  still  superior  to  double  the 
radius  of  sensible  activity  of  the  molecular  attraction, 

"Let  us  now  see  what  we  may  deduce  from  this  last  experiment. 
According  to  the  table  given  by  Newton,  the  thickness  of  a  film 
of  pure  water  which  reflects  the  yellow  of  the  first  order  is,  in  mil- 
lionths  of  an  English  inch,  5J,  or  5-333,  and  for  the  white  of  the 
same  order  3^-,  or  3-875,  We  may  therefore  take  the  mean,  namely 
4-0(34,  as  the  closely  approximative  value  of  the  thickness  corres- 
ponding, at  least  in  the  case  of  pure  water,  to  the  transition  between 
those  colors,  and  the  English  inch  being  equal  to  254  millimt^tres, 
this  thickness  is  equivalent  to  ^^^f:^  of  a  millimt^tre.  Now  we  know 
that,  for  two  different  substances,  the  thickness  of  the  films  which 
reflect  the  same  tint  is  in  the  inverse  ratio  of  the  indices  of  refrac- 
tion of  those  substances.  In  order,  therefore,  to  obtain  the  real 
thickness  of  our  film  of  glyceric  liquid,  it  suffices  to  multiply  the 
denominator  of  the  preceding  fraction  by  the  ratio  of  the  index  of 
the  glyceric  liquid  to  that  of  water.  I  have  measured  the  former 
approximatively  by  means  of  a  hollow  prism,  and  have  found  it 
equal  to  i-377.  That  of  water  being  1'336,  there  results,  for  the 
thickness  of  the  glyceric  film  g  g',-  ^  of  a  millimetre.  The  half  of  this 
quantity,  or  ^-gij  of  a  millimetre,  constitutes,  therefore,  the  limit 
furnished  by  the  experiment  in  question.  Hence  we  arrive  at  the 
Vol.  LVI— Tuird  Series.— No.  C. — Dkckmber,  1808.  52 
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very  probable  conclusion,  that  in  the  glyceric  liquid  the  radias  ot" 
sensible  activity  of  the  molecular  attraction  is  less  than  t7j^^  of  a 
millimetre. 

"I  had  proposed  to  continue  this  investigation  with  a  vieiv  to 
reach,  if  possible,  the  black  tint,  and  to  elucidate  the  variations  of 
the  manometer ;  but  the  cold  season  has  intervened,  diminishing 
the  persistence  of  the  bubbles,  and  I  have  been  forced  to  postpone 
attempts  to  a  more  favorable  period." 

In  the  report  of  the  transactions  of  the  Society  of  Physics  and 
Natural  History,  of  G\ineva,  1862,  we  find  the  following :  "  Prof- 
Wartmann,  Jr.,  repeated  before  the  Society  the  recent  experiments 
of  M.  Plateau  on  bubbles  of  soap,  of  varied  forms  as  well  as  much 
persistency,  obtained  by  mixing  with  soap-suds  a  small  quantity  of 
glycerine,  and  causing  the  bubbles  to  attach  themselves  to  iron 
wires  arranged  in  different  manners.  At  a  subsequent  session  M. 
Wartmann  exhibited  an  apparatus  of  the  same  kind,  still  more 
varied,  .so  as  to  produce  more  perfectly  than  by  former  processes 
the  phenomena  of  coloration  in  extremely  thin  surfaces  of  the  liquid. 
The  dark  part  presents  not  more  than  j^  Vs  2 u  *^^  ^  millimetre,  whence 
we  may  conclude,  says  M.  Wartmann,  that  the  radius  of  the  sensi- 
ble activity  of  molecular  attraction  is  below  ^^g'^ox^  of  a  milli- 
m(:'tre." 


CAN  WE  RAISE  OUR  OWN  SUGAR?* 

By  H.  AV.  Bartol,  Esq. 

Can  we  raise  our  own  sugar  ?  This  question  having  often  been 
asked  me,  and  various  articles  having  appeared  in  the  papers  on 
beet  sugar,  I  have  thought  that  a  few  words  as  to  how  it  is  made 
in  Europe,  and  the  probable  success  it  would  meet  with  in  this 
country  might  not  be  uninteresting  to  the  community  at  large. 

Cane  sugar  was  first  discovered  in  the  beet,  in  the  year  1747,  by 
a  German  chemist,  named  Margraf ;  and,  in  1796,  M.  Achard  ana- 
lyzed the  beet,  and  obtained  5  per  cent,  of  white  sugar;  but  it  was 
not  until  the  rule  of  Napoleon  I.,  who  offered  a  prize  of  $200,000 
for  the  best  method  of  producing  sugar  from  native  productions, 
that  beet-root  sugar-making  reached  any  importance. 

The  discovery  thus  made  and  put  into  practical  operation,  was 

*  In  nil  places  where  I  speak  of  France,  the  money  r«ferred  to  is  gold  ;  but 
wherever  this  country  is  referred  to  greenbacks  are  understood  to  be  the  standard. 
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nursed  by  enormous  protective  duties,  Avhich,  at  one  time,  raised 
the  price  of  sugar  as  high  as  $1.25  per  pound. 

Under  this  state  of  alTuirs,  sugar-making  became  an  important 
branch  of  industry,  and  many  improvements  were  made  by  which 
the  yield  of  sugar,  which  at  first  was  only  3  per  cent.,  was  augmented 
to  5  ;  this  was  the  state  of  affairs  at  the  time  of  the  restoration,  when 
the  duties  being  removed,  sugar-making  from  beets,  in  France,  be- 
came a  thing  of  the  past. 

Beet-root  sugar-making  remained  dormant,  as  it  were,  for  some 
time :  but  a  great  industry  can  no  more  be  crushed  than  a  great 
truth,  and  Napoleon  III.  seeing  this,  commenced  a  judicious  course 
of  protection,  which  has  brought  beet-root  sugar-making  to  its 
present  state  of  perfection. 

Science  having  increased  the  yield  of  sugar  from  3  to  8  per  cent., 
(and  in  some  factories  as  high  as  9  and  10  per  cent.,)  and  im- 
proved machinery  diminishing  the  cost  of  production,  so  that 
to-day  beet  sugar  not  only  stands  on  a  par  with  that  made  from 
cane,  but  actually  drives  it  out  of  the  European  market,  many 
refiners  in  England  (where  all  foreign  sugar  enters  on  the  same 
terms,)  using  it  entirely,  and  preferring  it  to  that  made  from  cane, 
it  being  much  clearer. 

Can  beet  sugar  be  made  in  this  country'  ?  Let  us  look  into  the 
matter,  and  decide  for  ourselves. 

The  best  white  sugar  (equal  to  Lovering's  A,)  is  sold  in  France 
at  11"0  cents  per  pound,  from  which  we  must  deduct  the  Govern- 
ment tax  of  4"09  cents,  leaving  the  manufacturer  641  cents  per 
pound  to  pay  all  his  expenses  and  make  his  profit  from. 

If  the  French  manufacturer  can  sell  his  sugar  at  that  price, 
surely  we  can  make  it  at  double  the  price,  and  sell  it  at  16  cents, 
leaving  a  clear  profit  of  3*16  cents  per  pound ;  and  in  a  factory 
working  sixty  tons  of  beets  in  twenty-four  hours,  (the  smallest  .size 
factory  it  is  profitable  to  run,)  yielding  7  per  cent,  of  sugar,  we 
would  have  a  profit  of  $265.44  per  day. 

In  order  that  you  may  the  better  understand  the  terms  I  mav 
hereafter  use,  I  will  give  a  short  description  of  how  beet  sugar  is 
made. 

The  beets  being  brought  to  the  factory,  are  thrown  into  a  large 
revolving  cylinder,  set  on  an  angle,  and  immersed  one-half  in  run- 
ning water,  in  which,  by  means  of  cams,  they  arc  gradually  worked 
to  the  upper  end  and  thrown  out  clean  on  to  a  revolving  table, 
around  which  stand  a  number  of  women,  who  take  oft'  the  beets 
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and  cut  out  the  bad  parts,  after  whicla  the  beets  are  conveyed  to 
the  rasp.  i 

This  machine  is  a  drum,  encased  in  a  cylinder,  in  which  it 
revolves ;  the  circumference  of  the  drum  is  composed  of  a  series  of 
saw  plates,  set  in  it  radially,  with  the  teeth  out,  so  as  to  form  a 
number  of  sharp  points ;  this  drum  revolves  with  great  rapidity,  so 
that  the  beets,  which  are  introduced  at  the  top  with  30  per  cent,  of 
water,  are  immediately  grated,  and  pass  out  at  the  bottom  in  the 
form  of  fine  pulp. 

And  now  comes  the  point  of  dispute.  There  are  three  ways  of 
extracting  the  juice  from  the  pulp,  viz:  1.  Hydraulic  Presses;  2. 
Centrifugals;  3.  Macerators.. 

For  brevity's  sake,  I  will  merely  mention  the  first  two,  the  last 
being  very  little  used. 

In  the  press  process,  the  pulp  is  put  in  bags,  and  subjected  to  a 
great  pressure  in  hydraulic  presses,  which  expresses  the  juice,  and 
leaves  a  dry  mass.*  Where  fuel  and  water  are  scarce,  it  is  impera- 
tive to  use  this  process,  as  it  requires  less  of  both  than  any  other 
way,  and,  in  fact,  is  the  most  generally  used. 

By  the  centrifugal  process,  the  pulp  is  placed  in  vertical  wire 
cylinders,  about  3  feet  in  diameter,  18  inches  high,  revolving  with 
a  velocity  of  1200  revolutions  per  minute,  which,  by  its  centrifugal 
action,  drives  the  pulp  with  great  force  against  the  wire  sides,  and 
they  being  too  finely  woven  to  alloAV  the  pulp  to  pass  through, 
retain  it,  and  let  the  juice  flow  off",  when  it  is  caught  by  an  exterior 
C3dinder,  and  conveyed  by  canals  to  its  proper  receptacle. 

This  process  has  the  advantage  of  requiring  60  per  cent,  less 
manual  labor  than  the  presses,  but  requires  a  large  amount  of  ad- 
ditional water,  (40  per  cent.)  which  is  used  in  washing  the  juice  out 
of  the  pulp ;  while  in  the  centrifugal  machine,  which  water,  in  its 
turn,  thins  the  juice,  so  that  it  requires  more  fuel  to  evaporate  it. 

There  is  another  process  coming  into  vogue,  in  Germany,  called 
the  "  Roberts'  Diffusing  Process,"  but,  as  it  is  a  new  thing,  and  not 
fully  proved,  I  refrain  from  speaking  of  it. 

The  juice,  obtained  by  any  of  these  processes,  is  taken  to  what 
is  called  a  decarbonizer,  which  is  really  nothing  but  an  iron  tank, 
fitted  with  two  sets  of  pipes,  one  for  steam  and  the  other  for  car- 
bonic acid  gas. 

*  The  dry  pulp  is  sold  to  feed  cattle,  at  the  same  price  that  is  paid  for  the 
beets. 
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In  this  vessel  the  juice  is  heated  to  180°,  and  milk  of  lime  added 
until  the  liquor  is  strongly  alkaline;  it  is  thea  neutralized  by 
forcing  in  carbonic  acid  gas,  which,  uniting  with  the  lime,  forms  a 
a  precipitate,  which,  in  settling,  carries  down  with  it  many  of  the 
impurities  held  in  suspension. 

The  juice  is  allowed  to  settle,  when  the  clear  portions,  of  a  light 
straw  color,  is  drawn  oft",  while  the  settlings  are  passed  through 
filter-presses,  which  extract  the  clear  juice,  and  leave  a  dry  mass, 
composed  principally  of  carbonate  of  lime. 

The  process,  from  this  out,  is  the  same  as  that  pursued  with  cane 
sugar.  The  juice  is  boiled  down  to  the  required  density,  (27° 
BeaumL',)  passed  over  animal  black,  re-boiled  to  grain,  and  put 
into  small  tanks  where,  after  remaiuing  a  few  days  to  crystalize,  it 
is  passed  through  centrifugal  machines,  ia  the  ordinary  way,  and 
comes  out  dry  sugar. 

But  why  should  it  cost  us  twice  as  much  as  the  French  to  make 
sugar,  as  the  necessary  articles  to  make  it  are  certainly  not  twice 
as  dear  in  this  country,  with  the  one  exception  of  labor;  and  if  it 
can  be  shown  that  labor  makes  not  quite  one-third  of  the  expense 
on  a  pound  of  beet  sugar,  and  that  we  can  and  have  raised  beets  in 
this  country  as  cheaply  as  in  France*,  it  seems  to  me  that  all  doubt 
on  the  subject  is  removed ;  to  prove  this,  I  refer  to  the  following 
tables. 

The  following  is  the  table  of  the  working  of  a  French  house,  and 
all  the  figures  used  in  it  are  strictly  correct.  The  profit  named  is 
very  low,  in  order  to  make  the  working  expenses  as  heavy  as  pos- 
sible. The  10  per  cent,  loss  in  the  beets  is  the  bad  parts,  which 
are  cut  out,  as  before  mentioned. 

EXrKNSKS. 

CO  ton?  of  beets,  at  $3.75 $22')  00 

Kiinniiig  expenses 273  00 

Govt  tux  at  -1  00  cenU  jicr  lb.  in  t<,40U  lbs.  sriitjnr 3o8  86 

Total $8'>2  76 

*  Mr.  Ciennert,  Superintendent  of  tlio  GermaniH  Beet  Susjrur  Company,  of  Clinlts- 
wortli,  Illiiiois,  uefcures  me  that  his  averajje  yield  per  acre,  in  lair  years,  is  liftccn 
tons  of  beets,  containing  12  per  cent  of  faccliurinc  mutter,  and  that  tlio  co.st  of 
raising  them,  everything  included,  is  not  quite  $3.00  j>er  ton.  In  France,  the  ta.x 
being  on  the  sugar,  they  average  ciglileen  tons,  containing  from  10  to  12  per  cent. ; 
while  in  Germany,  where  tiie  t»ix  is  on  the  beets,  they  endeavor  to  get  the  most 
sugar  in  the  fewest  beets,  and,  consequently,  do  uot  average  more  than  fifteen  tone, 
containing  from  12  to  1-3  per  cent,  of  sugar. 
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KECKIPTS. 

7  per  cent,  of  sugar  on  60  tons  beets  less  10  p.  ct.  loss,  8,400 

lbs.  sugar  at  $.103 $865  20 

15  per  cent,  pulp,  =  9  tons  at  $3.75 32  44 

Total $897  64 

Less  expenses 852  76 

Profit  per  day $44  88 

In  this  calculation,  I  have  left  out  a  small  amount  of  syrup,  as 
the  probabilities  are  that  it  would  be  impossible  to  sell  it  in  this 
country,  on  account  ef  its  extremely  unpleasant  taste.  In  France, 
it  is  made  into  alcohol. 

Having  now  arrived  at  the  cost  of  manufacture  in  France,  let  us 
see  how  we  would  come  out  in  America,  where  the  cost  of  labor  is 
about  twice  as  great,  (In  France  a  man  receives  sixty  cents,  gold, 
per  day ;  in  this  country,  a  man  for  the  same  work  can  be  hired  for 
about  double  that  amount,  in  greenbacks.*  It  must  be  remembered 
that  these  are  country  wages,  and  always  lower  than  city  prices.) 

In  the  following  tables,  I  have  put  the  beets  at  $2.00  per  tonf 
higher  than  Mr.  Gennert  makes  them,  as  my  object  is  not  so  much 
to  show  the  exact  amount  of  profit  to  be  derived  in  this  country  as 
to  establish,  beyond  a  doubt,  that  we  can  raise  our  own  sugar. 

Factory  working  60  tons  of  beets  per  day  in  America: 

EXPENSKS    IX    ORKENBACKS. 

60  tons  of  beets,  at  $-5.00 $300  00 

Expenses  of  running  double  thosb  in  France 547  80 

Total $847  80 

RECEIPTS. 

Sugar,  7  p.  ct.  on  00  tons,  less  10  p.  c.  =8,400  lbs.,  at  15  cts  $1,260  00 
15  per  cent,  pulp,  $5  per  ton 45  00 

Total $1,31)5  0) 

Less  expenses 847  80 

Profits  per  day $157  20 

*  See  Report  of  Commission  of  Agriculture  for  June,  1806. 

f  From  all  tbe  data  I  can  collect,  beets  can  be  raised  as  cheaply  as  corn,  and  the 
Commissioner  of  Agriculture,  in  his  report  for  June,  1860,  gives  as  the  average 
crop  of  corn,  in  twenty-two  States  of  the  Union,  from  the  year  1802  to  1865,  in- 
clusive, as  32  99  bushels  j)er  acre, 

Which,  at  $1.00  jier  bushel,  (a  very  high  price,)  would  be $32  99 

"While  15  tons  of  beets,  at  $5.00  per  ton,  would  give 75  00 


Balance  in  favor  of  beet  grower $43  01 


\ 
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As  to  the  richness  of  our  beets  in  sugar,  I  refer  to  the  following 
analysis  made  by  me : 


DATK. 

PER  CBKT. 
OF  BUOAB. 

Beets  grown  at  Ellwood,  New  Jersey 

Nov.    3,  18C7. 

"       7,  18G7. 

"     15,  1867. 
Jan.  15,  1868. 

12 

12 

11-40 

1200 

it                   <(           11                       (> 

"              near  Boston,  Mass 

"              by  Germania  Sugar  Co 

Most  of  these  beets  were  grown  by  persons  having  no  knowledge 
of  raising  them  for  sugar  making. 

Few  people  are  aware  of  the  great  extent  to  which  beet-root 
sugar  is  made  in  Europe,  I  therefore  give  the  following  table,  ex- 
tracted from  the  Journal  des  Fahricants  des  Sucre,  giving  the  amount 
of  sugar  made  in  Europe  during  the  season  of  1867  and  1868.  (The 
sugar-making  season  commences  October  1st,  and  ends  April  1st.) 

Tons. 

Associated  Germany 165,000 

France 220,000 

Russia 07,500 

Beli;ium 32,500 

Poland  and  Sweden 15,0C0 

Holland 7,5r0 

Austria 92,500 

Total 630,000 

If,  then,  Europe  can  raise  her  own  sugar,  why  cannot  we,  and 
keep  at  home,  to  enrich  our  own  land,  the  $80,000,000  of  gold  we 
annually  send  to  foreign  countries  for  that  article  ? 

If  necessary,  let  the  Government  imitate  Napoleon  I.  by  offering 
large  prizes  for  the  first  successful  establishment,  so  that,  if,  in  the 
future,  the  much-vexed  question  is  asked,  "  Can  We  Raise  Our 
Own  Sugar  ?"  we  may  respond  with  pride,  "  We  can,  and  do  I" 

II.  W.  Bartol. 
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INVERTED  SYPHONS  IN  THE  SEINE. 

Since  the  middle  of  last  month,  the  works  belonging  to  the  new 
drainage  scheme  have  advanced  to  such  a  pitch  that  to  complete 
them  it  was  necessary  to  get  the  syphons  sunk,  which  acted  as  the 
general  collector  of  the  storm  and  other  waters  draining  from  the 
left  bank  of  the  Seine,  The  syphons  themselves,  consisting  of 
wrought  iron  cylindrical  tubes,  are  first  rendered  completely  water- 
tight and  then  immersed  in  the  river,  where  they  float  half  in  and 
half  out  of  the  water.  To  accomplish  this  operation  successfully, 
a  certain  amount  of  current  is  required,  as  well  at  a  certain  depth 
of  Water,  in  order  to  bring  them  right  over  that  portion  of  the  bed 
of  the  river  which  will  constitute  their  ultimate  site.  The  first 
tube  having  been  hauled  perpendicularly  over  the  proper  spot,  was 
uncorked,  if  we  may  use  the  term,  and,  after  gradually  filling,  des- 
cended quietly  into  its  place  without  the  slightest  mishap  of  any 
kind.  The  success  which  attended  the  sinking  of  the  first  syphon 
was  hailed  as  a  good  omen  for  that  impending  over  its  neighbor, 
but  unfortunately  some  time  elapsed  before  the  omen  was  fulfilled. 
Upon  the  day  fixed  for  its  immersion,  the  velocity  of  the  river  had 
increased,  and  the  level  of  its  surface  had  fallen  6J  feet.  The  cause 
was  the  bursting  of  the  dam  of  Graude-Jatte,  at  Neuilly,  which,  to- 
gether with  the  increase  of  the  velocity  of  the  current,  put  an  end 
to  the  preparations  for  sinking  the  second  tube.  It  was  accordingly 
towed  to  a  place  of  safety,  and  made  fast.  As  it  was  impossible  to 
repair  the  breach  made  in  the  dam  at  Neuilly,  and  as  the  navigation 
was  seriously  interfered  with  by  the  sudden  lowering  of  the  water, 
recourse  was  had  to  the  weir  at  the  bridge  of  Jena,  which  was  pur- 
posely adapted  for  such  contingencies.  By  its  means  a  sufiicient 
head  of  water  was  obtained,  and  the  operation  of  placing  the  second 
tube  alongside  its  predecessor  proceeded  with.  The  cylinders,  of 
wrought  iron,  with  countersunk  rivets,  were  constructed  at  the  es- 
tablishment of  Chaillot,  and  their  total  length  from  wall  to  wall  of 
the  river  is  about  450  feet.  After  being  sunk,  they  will  be  encased 
in  an  envelope  of  beton,  16  inches  thick,  to  protect  them  from  the 
heaving  of  anchors,  the  action  of  dredging,  or  any  other  cause  that 
might  be  likely  to  damage  them.  There  does  not  seem  to  be  any 
cogent  reason  why  the  cheaper  material,  cast  iron,  should  not  have 
been  employed  in  lieu  of  wrought  in  the  construction  of  these  tubes. 
They  have  no  weight  to  sustain,  no  real  Avork  to  do.  We  should 
have  regarded  an  instance  of  this  kind  as  one  peculiarly  adapted 
for  the  employment  of  cast  iron,  but  judging  from  this  case  and 
that  of  the  late  exposition,  that  material  is  manifestly  not  a  favorite 
with  continental  engineers. — Mtchanics'  Magazint. 
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SUNLIGHT  AND  MOONLIGHT. 

A  Lecture  delivered  at  the  Academy  of  Music,  before  the  Franklin  Institute,  on 
May  23d  and  June  6th,  1808. 

By  Prof.  Henry  Morton,  Ph.D. 

(Continued  from  page  351.) 

We  propose  here  to  place  a  section  which  might  be  considered 
as  a  long  note,  since  it  contains  matter  not  developed  in  the  lecture, 
but  which  may,  perhaps,  be  introduced,  with  propriety,  in  this  con- 
nection, as  involving  that  which  is  worth  putting  on  record  at 
this  time,  while  the  events  are  fresh  in  memory,  and  authorities  in  the 
subject  personally  accessible  for  correction  or  emendation.  We  pro- 
pose, in  fact,  to  give  a  brief  sketch  of  Celestial  Photography,  which 
may  place  the  succession  of  the  laborers  in  this  field  in  true  order, 
and  afford  a  guide  to  the  literature  of  the  subject. 

The  first  photograph  of  a  celestial  object  was  taken  by  Dr.  J.  W. 
Draper,  of  New  York,  in  1840.  This  was  followed  by  Prof.  G.  P. 
Bond,  of  Cambridge,  U.  S.,  who,  in  1850,  made  a  picture  of  the 
moon  on  a  daguerreotype-plate,  in  the  great  Cambridge  refractor 
of  15-inch  aperture. 

During  the  years  which  succeeded,  there  appeared  in  the  field  of 
Celestial  Photography,  Father  Secchi,  in  Rome,  Birch  and  Arnaud, 
in  France,  and  Phillip.s,  Hartnup,  Crookes,  De  la  Rue,  Fry,  Dancer, 
Huggius,  Williamson  and  Ba.xendell.  The  first  detailed  description 
of  experiments  was  published  by  Profes.sor  Phillips,  who  read  a 
paper  on  this  subject  before  the  British  Association  in  1853.  Pro- 
fessor Phillips  made  his  pictures  with  a  6  J-incli  refractor  by  Cooke, 
of  11  feet  focus,  which  produced  negatives  of  the  moon  \\  inches 
in  diameter,  in  30  seconds.  A  paper  was  next  com^nunicated  to  the 
Royal  Society,  by  Crookes,  in  December  of  1856 ;  he  subsequently 
obtained  dense  negatives  in  4  seconds.  In  May,  1857,  Mr.  Grubb 
read  a  paper  on  this  subject  before  the  Dublin  Photographic  Society* 

In  185*J,  De  la  Rue  read  a  paper  before  the  British  Association. 
His  experiments  were  commenced  in  1852,  with  a  reflecting  tele- 
scope of  his  own  manufacture. 
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In  1860,  De  la  Rue  and  his  assistants  made  several  excellent 
negatives  of  the  solar  eclipse;  and  he  was  much  interested  in  the 
establishment  of  the  Photoheliograph  at  Kew,  with  which  pictures 
of  the  sun,  showing  the  "  spots  "  and  their  changes,  have  been  made 
almost  daily  since. 

In  the  Quarterly  Journal  of  Science^  for  April,  1864,  appeared  a 
paper  by  Professor  Ilenry  Draper,  M.  D,,  in  which  he  describes  the 
progress  of  his  experiments  in  constructing  a  reflecting  telescope  of 
glass,  silvered  on  the  first  surface,  by  Foucault's  plan,  designed 
especially  for  the  purposes  of  Celestial  Photography.  After  grind- 
ing and  polishing  more  than  one  hundred  experimental  mirrors,  the 
art  was  at  last  fully  acquired,  and  the  work  is  now,  as  Dr.  Draper 
has  informed  us,  a  certain  and  not  very  lengthy  process. 

The  mirror,  which  was  finally  mounted,  was  of  16J  inches  dia- 
meter and  12|  feet  focal  length,  and  with  this  1,500  negatives  have 
been  taken,  of  which  very  many  are  of  great  excellence.  We  have 
now  before  us  a  print,  on  paper,  from  one  of  these  negatives,  show- 
ing the  moon  in  the  third  quarter,  with  a  diameter  of  30  inches, 
and  we  have  seen  one  reaching  the  enormous  size  o^  five  feet. 

In  Silliman's  Journal,  for  May,  1865,  Mr.  Louis  M.  Eutherfurd 
gives  an  account  of  his  labors  in  this  field,  in  the  first  place  with  a 
refractor  and  a  silvered  glass  reflector  of  the  usual  construction,  and 
then  with  a  refractor  made  by  himself,  and  corrected  only  for  the 
chemical  rays.  This  instrument  was  completed  in  December,  1864, 
but  it  was  only  in  March,  1865,  that  the  atmospheric  conditions 
were  sufficiently  favorable  to  admit  of  a  trial. 

"We  have  before  us  a  set  of  four  pictures,  bearing  date  respectively, 
March  4th,  6th,  8th  and  10th,  which  are  the  work  of  this  instrument, 
and  about  which  (mistrusting  our  own  judgment  where  a  fellow-coun- 
tryman is  concerned,)  we  will  quote  the  expression  given  by  Mr.  Bro- 
thers, an  eminent  English  laborer  in  the  same  field,  who,  in  a  chapter 
written  for  Mr.  G.  F.  Chambers'  admirable  Astronomy,  j ust  published, 
says,* — "To  an  American  (Mr. Rutherfurd,)  we  are  indebted  for  the 
best  photograph  of  our  satellite  yet  produced,  and,  indeed,  it  is  diffi- 
cult to  conceive  that  anything  superior  can  ever  be  obtained. 

(To  be  continued.) 

*  To  this  chapter  by  Mr.  Brothers,  we  owe  most  of  the  matter  given  above,  en- 
dorsed, however,  by  a  direct  communication  with  Mr.  Rutherfurd  and  Dr.  Draper. 
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By  Lewis  W.  Leeds. 

Second  Course,  delivered  before  the  Franklin  Institute,  during  the 
winter  of  1867-68. 

(Continued  from  page  355.) 
LECTURE    IL 

The  air  we  breathe — what  is  it?  Oxygen  and  nitrogen,  the 
young  student  will  promptly  answer.  Oxygen  and  nitrogen  cer- 
tainly ;  but  how  many  of  us  really  comprehend  what  these  ele- 
ments are? 

We  are  told  that  the  distance  around  the  earth  is  so  many  thou- 
sand miles,  and  so  many  more  to  the  sun,  and  that  the  nearest  fixed 
star  is  a  great  many  millions  of  miles  from  us ;  but  it  is  no  matter 
how  many  (though  the  astronomers  have  stated  it  all  with  accu- 
racy), because  I  believe  it  is  entirely  impossible  for  the  mind  of 
man  to  realize  or  in  any  way  to  imagine,  more  than  an  exceedingly 
small  fraction  of  that  distance.  His  imagination  will,  I  think,  in 
all  such  attempts,  be  very  much  limited  by  the  greatest  distance  he 
may  at  some  time  have  seen  with  his  natural  eyes. 

And  when  the  microscopist  tells  us  of  the  immense  number  of 
living  beings  found  in  a  drop  of  water,  and  when  we  must  know 
that  these  diminutive  creatures  necessarily  possess — for  performing 
their  functions  of  life — much  of  the  exquisite  machinery  of  the 
larger  animals,  how  entirely  incapable  are  we  of  extending  our 
imaginations  to  any  satisfactory  apprehension  of  the  minuteness  of 
these  things. 

Thus,  in  whichever  way  we  may  turn  our  investigations,  we  can 
find  no  limit  to  the  minuteness  on  the  one  hand,  nor  to  the  great- 
ness of  creation  on  the  other. 

Were  we  to  attempt  the  study  of  a  single  blade  of  grass,  and  en- 
deavor to  learn  the  many  combinations  of  the  simple  materials  con- 
stantly surrounding  us  which  enter  into  its  composition;  or  were 
we  to  try  to  comprehend  the  })Ower  of  that  wonderful  substance  we 
call  heat,  its  source  and  the  cause  of  its  undiminished  supply,  we 
should  find  it  the  study  of  a  lifetime. 

Some  of  the  experiments  we  may  show  you  this  evening,  may 
be  as  familiar  to  you  as  the  reflection  of  your  own  face  in  the  glass, 
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yet  they  may  appear  to  you  in  a  new  combination^  and  possibly  sug- 
gest to  you  some  new  thoughts. 

You  may  have  attended  a  lecture  on  Chemistry  only  last  night, 
and  have  been  delighted  with  the  most  beautiful  and  elegant  dis- 
course on  the  all-powerful  and  wonderful  properties  of  that  great- 
est of  substances — Oxygen — and  have  seen  with  what  ease  the  lec- 
turer could  build  up  and  pull  down  all  things  earthly  that  man 
beholds.  Or  you  may  have  followed  the  Geologist  in  his  deep  and 
profound  researches  into  the  very  bowels  of  the  earth,  and  listened 
with  rapture  as  he  exp'lained  the  wonderful  formations  and  trans- 
formations which  these  same  substances  have  been  undergoing  for 
untold  ages.  Or  perhaps  you  may  have  attempted  to  follow  the 
Astronomer  in  his  daring  flights  of  fancy,  as  he  endeavored  to  ex- 
plain to  you  how  that  wonderful  heat  and  light  of  the  sun  are  kept 
up  by  the  millions  upon  millions  of  meteors,  which,  drawn  irresis- 
tibly from  their  paths,  dash  headlong  into  that  great  consuming  fire. 

But  this  evening,  let  us  concentrate  our  thoughts  much  nearer 
home ;  let  us  endeavor  to  comprehend  more  fully  the  most  interest- 
ing to  us  of  all  those  mysterious  changes;  I  mean  that  change 
which  is  produced  in  our  own  bodies  twenty  times  every  moment 
of  our  lives,  by  the  air  we  breathe. 

I  am  led  to  believe  that  we  have  not  more  fully  comprehended 
this  mysterious  transformation  thus  going  on  within  our  own  bodies, 
than  we  have  truly  measured  mentally  the  distances  to  the  fixed 
stars,  or  the  number  of  days  and  hours  since  the  formation  of  the 
earth,  or  can  compass  by  our  limited  reasoning,  those  powerful  in- 
fluences which  have  caused  the  sun  to  send  forth  heat  and  light 
without  measure,  for  unnumbered  ages,  and  3'et  the  source  itself  to 
be  undiminished  still. 

I  say,  I  am  led  to  the  belief  of  this  general  want  of  knowledge 
upon  this  subject,  by  noticing  daily,  and  almost  every  hour  of  the 
day,  the  most  intelligent  and  best  educated  men  and  women  amongst 
us,  so  entirely  ignoring  the  effect  designed  by  our  Creator  to  be  pro- 
duced by  this  constant  breathing  of  pure  and  fresh  oxygen  and 
nitrogen,  as  to  shut  themselves  up  in  close  rooms,  and  breathe  and  re- 
breathe  the  same  air,  till  it  becomes  excessively  foul  and  poisonous. 

There  is  no  standard  of  taste  respecting  things  seen.  Those  which 
we  know  produce  the  most  comfort,  and  give  us  the  most  happi- 
ness, no  matter  what  may  be  their  form,  we  consider  the  most 
beautiful. 
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"We  cannot  see  pure  air,  and  therefore  we  can  scarcely  call  it 
"beautiful;"  but  let  us  hope  that  we  may  so  cultivate  the  imagina- 
tion, that  if  we  can  but  comprehend,  even  in  a  slight  degree,  the 
marvellous  effect  that  it  produces  on  all  that  is  human,  we  may  soon 
learn  to  feel  that  pure  air  was  not  only  among  the  greatest,  but  that 
it  was  the  greatest  of  all  the  Creator's  temporal  blessings  to  his  crea- 
ture, man. 

At  our  last  lecture,  I  endeavored  to  impress  upon  your  minds, 
the  very  large  amount  of  air  which  was  breathed  by  each  individ- 
ual every  twenty-four  hours,  it  being  about  350  cubic  feet,  or  125 
times  our  own  bulk. 

Now  if  all  this  great  bulk  Avas  simply  nothing^  or  possessed  no 
qualities  except  what  we  could  discern  with  our  ordinary  vision,  it 
might  be  of  little  value.  Our  eyes  are  the  great  medium  through 
which  we  receive  information ;  but,  as  I  said  before,  we  cannot  see 
the  atmosphere,  and  so  I  fear  many  of  us  fail  to  appreciate  the  true 
value  of  pure  air  on  this  account.  We  are  obliged,  therefore,  to 
explain  its  peculiarities  in  a  secondary  manner,  by  producing  some 
effect  that  may  be  seen. 

The  air  we  breathe  is  composed  of  seventy-nine  parts  by  bulk 
of  nitrogen,  and  twenty-one  parts  of  oxygen. 

The  oxygen  is  the  husy  body  ;  it  is  the  hard  working,  active  sub- 
stance that  keeps  up  the  fires,  cooks  the  food,  burns  up  the  trash, 
purifies  the  blood  and  turns  it  from  a  dark  purple  to  a  bright  crim- 
son color. 

[Here  followed  the  ordinary  experiments  of  burning  sulphur  and 
phosphorus  in  oxygen,  those  elements  being  consumed  with  great 
rapidity  and  brilliancy.]  Thus  you  see  some  of  the  effects  that  may 
be  produced  with  pure  oxygen,  which  forms  about  one-fifth  of  the 
air,  when  it  is  separated  from  the  nitrogen  forming  the  other  four- 
fifths  of  the  ordinary  atmosphere.  The  nitrogen  seems  to  be  a 
mere  dilutant  to  keep  the  oxygen  under  control,  and  to  prevent  it 
from  burning  or  destroying  everything  by  fire  or  rust. 

[A  second  experiment  was  here  introduced,  to  show  the  indis- 
pensability  of  oxygen,  and  was  explained  as  follows :] 

Here  we  have  an  ordinary  candle,  which  you  see  bums  just  as 

candles  generally  do;  but  now  let  us  place  it  under  this  small  bell 

glass  receiver,  and  observe  how  rapidly  the  flame  diminishes  in 

size. 

This  next  glass  jar  (b),  contains  lime  water,  or  if  it  .should  chance 
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to  be  Goulard's  Extract  of  Lead,  it  would  answer  the  same  purpose  ; 
and  you  will  please  notice  that  it  is  at  present  perfectly  transparent. 

From  the  top  of  this  wash-bottle,  we  have  a  connecting  tube  pass- 
ing down  under  and  extending  up  again  to  the  top  of  this  glass  jar 
(c),  which  is  now  filled  with  water. 

You  see  the  candle  is  now  almost  entirely  extinguished,  but 
please  note  carefully  as  I  open  the  stop-cock  (d),  how  quickly  the 

Fig.  4. 


candle  gets  brighter ;  and  you  see  also  the  air  bubbling  up  through 
the  lime  water,  and  in  the  glass  receiver  the  water  gradually  falling 
as  the  air  is  admitted  to  take  its  place. 

The  candle  is  now  burning  as  brightly  as  though  it  were  in  the 
open  air ;  it  has  all  the  oxygen  it  wants,  but  let  me  turn  the  stop- 
cock so  as  nearly  to  close  the  current  of  air,  the  velocity  of  which  3'ou 
can  measure  by  the  bubbling  up  of  the  air  through  the  lime-water. 
See  now  how  the  flame  of  the  candle  has  diminished !  Did  you 
ever  see  such  a  beautiful  way  of  regulating  the  burning  of  a  candle  ? 
We  thus  have  as  perfect  control  over  it  as  we  have  over  the  gas- 
light. You  will  notice  that  the  entire  bottom  of  the  bell  glass  is 
open,  and  don't  forget  that  when  you  are  burning  much  gas,  you 
must  have — as  this  experiment  teaches — an  outlet  for  the  escape  of 
foul  air  from  the  top  of  the  room.  The  open  fire-place,  so  useful 
for  ventilation  during  the  day,  is  not  sufficient  when  the  gas  is 
lighted. 

Ah !  see  what  a  change  has  taken  place  in  this  lime-water ;  it  has 
become  white  and  milky ;  Also,  the  water  has  fallen  out  of  the  glass 
jar,  as  you  see,  and  drawn  in  sufficient  air  to  take  its  place. 
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Now  we  are  anxious  to  know  what  change  has  taken  place  in  this 
air.  The  milky  appearance  of  the  lime-water  is  the  chemist's  test 
of  carbonic  acid  ;  we  will  therefore  assume  that  that  has  been  caught 
there,  and,  as  the  air  has  thus  been  purified  again,  looks  very  pure 
as  seen  under  the  gaslight,  at  any  rate.  Let  us  see  now  if  the  candle 
will  not  burn  just  as  brightly  as  in  the  open  air. 

Why,  what  can  be  the  matter  ?  It  goes  out  as  suddenly  as  if  it 
was  dropped  into  the  water.  And  for  what  reason  ?  It  is  simply 
because  the  oxygen  is  all  burned  out,  and  there  is  nothing  but  the 
nitrogen  left,' and  that  is  entirely  incapable  of  supporting  combus- 
tion. By  looking  at  this  candle,  you  see  we  have  scarcely  burned 
the  little  cone  at  the  top,  and  yet  even  that  has  produced  sufficient 
carbonic  acid  to  discolor  this  bottle  of  lime-water,  and  burn  all  the 
oxygen  out  of  the  large  jar  of  air  so  thoroughly  that  it  will  no 
longer  support  the  flame  of  a  candle.  An  ordinary  gas-burner  con- 
sumes as  much  oxygen  and  forms  as  much  carbonic  acid  as  five 
persons. 

Now  let  us  see  how  nearly  the  burning  of  the  fires  in  our  bodies 
corresponds  with  that  of  the  candle  we  have  just  examined. 

First,  let  us  take  another  bottle  of  lime  water  similar  to  the  one 
we  have  just  used,  and  by  inhaling  through  the  short  tube,  I  draw 
the  atmospheric  air  through  the  lime-water;  but,  as  you  perceive, 
although  I  have  inhaled  many  times,  there  is  no  discoloration  of  the 
contents,  I  fear,  however,  if  I  was  to  continue  much  longer  draw- 
ing the  air  from  this  (as  I  must  confess),  unventilated  room,  with 
all  these  gas-lights,  as  well  as  human  fires  burning,  I  would  soon 
produce  an  evident  discoloration;  but  I  will  reverse  the  preceding 
operation,  and  force  my  breath  through  the  long  tube,  and  you  now 
see  how  quickly  that  causes  the  same  milky  appearance  which  re- 
sulted from  the  air  coming  from  the  candle. 

Let  us  proceed  now  to  detach  this  tube,  and  by  drawing  the  air 
out  of  the  glass  receiver  (c),  you  know  that  the  water  will  flow  in 
to  take  its  place,  even  if  it  was  thirty-two  feet  high.  We  will  notice 
particularly  the  number  of  exhalations  required  to  fill  the  jar  with 
my  breath,  and  likewise  the  nimiber  of  seconds.  There,  you  see  it 
has  taken  nine  exhalations,  and  required  thirty-two  seconds,  and 
that  jar,  as  I  know,  holds  six  quarts,  or  one  and  one-half  gallons 
which  would  be  represented  by  346  cubic  inches.  This  is  quite 
excessive,  as  it  would  be  at  the  rate  of  over  600  cubic  inches  per 
minute,  and  you  remember  we  found  only  400  the  other  evening  as 
the  average;  it  may  not,  therefore,  show  the  ordinary  signs  of  pol- 
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lution,  but  let  us  try  it  with  a  candle.     Ah !  you  see  it  is  too  foul 
altogether  to  support  the  combustion  of  a  candle. 

I  wish  I  could  tell  you  something  about  the  composition  of  that 
jar  of  air ;  but  really,  I  know  nothing  about  it  as  I  ought  to  know, 
nor  does  any  one  else.  The  doctors  tell  us  that  one-half  of  all  who 
die  are  killed  by  foul  air ;  but  I  believe  there  is  not  a  medical  col- 
lege in  the  whole  country  that  pretends  to  teach  the  careful  analysis 
of  this  said  air.  They  will  spend  month  after  month  discussing, 
and  write  volume  upon  volume  to  prove,  that  the  ten-thousandth 
part  of  one  drop  of  medicine  will  have  more  effect  than  a  whole 
spoonful ;  but  as  to  teaching  the  analysis  of  anything  quite  so  com- 
mon as  the  air  we  breathe,  that  would  be  too  commonplace  entirely  ; 
so  I  must  simply  repeat,  we  know  nothing  about  it.  But  there 
have  been  a  few  Germans  and  Swiss,  and  some  others,-  who  have 
been  able  to  tear  themselves  away  from  the  fascinating  study  of 
medicine,  long  enough  to  make  a  few  preliminary  experiments  on 
the  more  urgently  important  subject  of  the  air  we  breathe,  and  to 
endeavor  to  ascertain  the  effect  of  the  air  upon  the  body,  and,  recip- 
rocally, of  the  body  upon  the  air. 

(To  be  continued.) 


Proceedings  of  the  Stated  Monthly  Meeting,  October  2l8t,  1868. 

The  meeting  was  called  to  order  with  the  Vice-President,  Mr. 
Coleman  Sellers,  in  the  Chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  the  donations  to  the  Library  received  at  their  stated 
meeting  held  October,  14th  inst.,  from  the  Society  of  Arts,  London, 
and  the  Association  for  the  Prevention  of  Steam  Boiler  Explosions, 
Manchester,  England ;  I'Academie  des  Sciences,  I'Ecole  des  Mines, 
Paris;  la  Socicte^  Industrielle,  Mulhouse,  France;  der  K.  K.  Geo- 
logischen,  Reichsanstult,  Vienna,  Austria;  and  Samuel  Hart,  Esq., 
Philadelphia. 

The  various  Standing  Committees  reported  their  minutes. 

The  report  of  the  Resident  Secretary,  on  Novelties  in  Science 
and  Arts  was  read,  after  which  the  meeting,  on  motion,  adjourned- 

Hexry  Morton,  Secretary. 
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Sloajis^  Architectural  Review  and  Builders'  Journal .    Claxton,  Rera- 

sen  &  Haffelfinger,  Publishers,  Philadelphia. 

We  have  received  the  first  three  monthly  numbers  of  this  Jour- 
nal, which  we  have  read  witli  interest,  and  ci\n  conscientiously 
commend  in  the  highest  degree. 

The  illustrations  in  this  Journal  are  one  of  its  most  valuable  fea- 
tures, and  consist  of  ground  plans,  elevations,  perspective  views, 
and  details  of  construction,  all  admirably  executed  and  of  great  use 
to  those  for  whose  benefit  this  publication  is  intended.  The  entire 
work  is  eminently  creditable  to  its  publishers,  and  we  wish  them 
all  success. 


A  IVeatise  on  Algehra.  By  Elias  Loomis,  L.L.  D.,  Professor  of 
Natural  Philosophy  and  Astronomy  in  Yale  College.  Revised 
edition.  Harper  Bros.,  New  York.  For  sale  by  J.  B.  Lippincott 
«fe  Co.,  Philadelphia. 

With  reference  to  such  a  work  as  this,  by  an  author  so  widely 
and  favorably  known,  it  would  be  superfluous  for  us  to  occupy 
space  by  an  extended  description  or  criticism.  We  believe  that  we 
cannot  do  better  in  the  interests  of  our  readers,  than  quote  a  portion 
of  the  author's  preface,  in  which  he  describes  the  distinctive  points 
of  the  present  edition  of  this  well-known  work. 

"  The  stereotype  plates  of  my  Treatise  on  Algebra  having  become 
so  much  worn  in  the  printing  of  more  than  00,000  copies  that  it 
had  become  necessary  to  cast  them  aside,  I  decided  to  improve  the 
opportunity  to  make  a  thorough  revision  of  the  work.  1  therefore 
solicited  criticisms  from  several  college  professors  who  had  had  much 
experience  in  the  u.se  of  this  book,  and,  in  reply,  have  received 
numerous  suggestions.  The  book  has  been  almost  entirely  re-writ- 
ten, nearly  every  page  of  it  having  been  given  to  the  printer  in 
manuscript.  The  general  plan  of  the  original  work  has  not  been 
materially  altered,  but  the  changes  of  arrangement  and  of  execution 
are  numerous.  In  the  former  editions,  in  place  of  abstruse  demon- 
.strations,  I  sometimes  employed  numerical  illustrations,  or  deduct- 
ing from  particular  examples.  In  the  present  edition,  such  methods 
have  been  discarded,  and  I  have  aimed  to  demonstrate,  with  con- 
ciseness and  elegani'e,  every  principle  which  is  propounded." 
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Meteorology  of  Philadelphia. 


A  CoMPAKisox  of  some  of  the  Meteorological  Phenomena  of  October,  1868,  with 
those  of  OcTOBKK,  1867,  and  of  the  same  month  for  eighteex  years,  at  Philadel- 
phia, Pa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude 
39°  57J'  N.;  Longitude  75°  11^^  W.  from  Greenwich.     By  James  A.  Kirk- 

PATKICK,  A.  M. 


October, 

October, 

October, 

1868. 

1867. 

for  18  years. 

Thprinnmptor Hi^'hest — decrree 

70-00° 

8000° 

90-00° 

"          date 

11th. 

19th. 

4th,  '58. 

Warmest  day — mean  . . 

63-17 

70-UO 

78-30 

"           •«      date 

11th. 

19th. 

6th, '61. 

Lowest — degree 

34-00 

38-00 

28-00 

"         date 

18th  &  24th. 

24th  &  25th. 

25th,  '56. 

Coldest  day — mean 

40-33 

45-33 

35-80 

"         "       date  

23d. 

24th. 

27th,  '59. 

Mean  daily  oscillation... 

1206 

15-39 

15-01 

"        "    range 

5-12 

5-28 

6-40 

Means  at  7  a.  m 

48-92 
58-24 
52-92 
53-36 

50-71 
63-55 
55-79 
56-68 

51-18         ' 
62-60         1 
55-21 
56-33 

"            2  p.  M 

"            9  p.  M 

"       for  the  month.... 

Barometpr— Highest — inches 

30-552 

30-465 

30-552 

"        date 

3Uth. 

24th. 

30th,  '68. 

Greatestmeandaily  pressure 

30-541 

30-456 

30-541 

\                                "         "         "  '      date... 

30th. 

24th. 

30th,  '68. 

Lowest — inches ■. 

29-685 

5th. 

29-740 

29-556 
10th. 
29-594 

29-012 

26th,  '57. 

29-059 

"         date 

Least  mean  daily  pressure... 

"        "        "        date... 

5th. 

11th. 

26th,  '57. 

Mean  daily  range 

0-190 
30144 
30-105 
30-122 

0-175 
30-053 
30-005 
30  020 

0-148 
29-929 
29-886 
29-913 

Means  at  7  A.  M 

2  p.  M 

"            9  p.  M 

"   for  the  month 

30-124 
0-534 

30026 
0-604 

29-909 
0-731       i 

Force  of  Vapor — Greatest — inches 

"          date 

3d. 

5th. 

7th, '61.     i 

Least — inches 

•094 

-142 

-065      : 

"     date 

17th. 

24lh. 

21st,  '59. 

Means  at  7  a.  m 

•281 
-304 
•3U3 

•315 
•339 
•350 

-313 
•337 
•325 

"         2  p.  M 

"          9p.m 

"    for  the  month... 

•296 

■335 

-325       ' 

Relative  Humidity — Greatest — percent 

91-0 

100-0 

100-0 

"         date 

5th. 

29th. 

29th, '07. 

Least — per  cent, ... 

28-0 

33-0 

23-0 

"    date 

17th 

7th  &  8th. 

21st,  '59. 

Means  at  7  a.  m.... 

76-8 

81-3 

77-9 

"          2  p.  M.... 

59-6 

55-3 

561           1 

"          9  p.  M.... 

72-3 

75-9 

73-1 

"  for  the  month 

1       69-6 

70-8 

69-0           ' 

Clouds — Number  of  clear  days* 

5- 
'       26- 
65-2 

12- 
19- 
54-8perct 

9-7 
21-3           i 
57-0  per  ct 

"              cloudy  days 

Means  of  sky  covered  at  7  a.  m 

"              "             "         2p.  M 

62-9 

44-2 

55^5 

"              "             "         9p.  M 

54-5 

40-3 

40-8 

"            "        for  the  month 

60-9 

46-4 

51-1 

Rain — Amount — inches  

2-240 
11- 

4  020 
7- 

2-951 
8-8 

No.  of  days  on  which  rain  fell 

Prevailing  Winds — Times  in  1000 

n22°18'-sv.241 

n70°37'w.257 

N76°38'w.233 

*  Sky  ouethii'J  or  less  covered  at  tliu  hours  orobstTvutiou. 


^^1    o7  lytiU 
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